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ABSTRACT 
This research attempted to discover how Additive Manufacturing (AM) can best be used to 
increase the value of personalised consumer products and how designers can be assisted in 
finding an effective way to facilitate value addition within personalisable product designs. AM has 
become an enabler for end-users to become directly involved in product personalisation through 
the manipulation of three-dimensional (3D) designs of the product using easy-to-use design 
toolkits. In this way, end-users are able to fabricate their own personalised designs using various 
types of AM systems. Personalisation activity can contribute to an increment in the value of a 
product because it delivers a closer fit to user preferences. 
The research began with a literature review that covered the areas of product personalisation, 
additive manufacturing, and consumer value in product design. The literature review revealed that 
the lack of methods and tools to enable designers to exploit AM has become a fundamental 
challenge in fully realising the advantages of the technology. Consequently, the question 
remained as to whether industrial designers are able to identify the design characteristics that can 
potentially add value to a product, particularly when the product is being personalised by end-
users using AM-enabled design tools and systems. 
A new value taxonomy was developed to capture the relevant value attributes of personalised AM 
products. The value taxonomy comprised two first-level value types: product value and 
experiential value. It was further expanded into six second-level value components:  functional 
value, personal-expressive value, sensory value, unique value, co-design value, and hedonic 
value. The research employed a survey to assess end-users’ value reflection on personalised 
features; measuring their willingness to pay (WTP) and their intention to purchase a product with 
personalised features. Thereafter, an experimental study was performed to measure end-users’ 
opinions on the value of 3D-printed personalised products based on the two value types: product 
value and experiential value.  
Based on the findings, a formal added value identification method was developed to act as a 
design aid tool to assist designers in preparing a personalisable product design that embodies 
value-adding personalisation features within the product. The design method was translated into 
a beta-test version paper-based design workbook known as the V+APP Design Method: Design 
Workbook. The design aid tool was validated by expert designers. 
ii 
 
In conclusion, this research has indicated that the added value identification method shows 
promise as a practical and effective method in aiding expert designers to identify the potential 
value-adding personalisation features within personalisable AM products, ensuring they are able 
to fully exploit the unique characteristics and value-adding design characteristics enabled by AM. 
Finally, the limitations of the research have been explained and recommendations made for future 
work in this area. 
 
KEYWORDS 
Product personalisation, additive manufacturing, end-users involvement, perceived value, value 
taxonomy, added value identification method, design aid tool. 
  
iii 
 
ACKNOWLEDGEMENTS 
Firstly, I would like to take this opportunity to express my sincere gratitude to both of my 
supervisors, Professor Ian Campbell and Professor Richard Bibb for the remarkable support 
throughout my PhD study in Design School, Loughborough University for their advice, patience, 
motivation, plentiful knowledge, and encouragement. I am grateful to have them as my 
supervisors and I could not have imagined having better supervisors for my PhD study. 
Additional thanks to my sponsors, Universiti Teknikal Malaysia Melaka (UTeM) who fully funded 
my study at Design School, Loughborough University, UK. 
Special thanks to my dearest wife, Mila Hazureen Kanaruddin, my lovely children, Izz Haikal and 
Nur Imanina for the inspiration, sacrifice, understanding, love and support. All thanks to my 
mother, Rahmah Habib, my mother in law, Jamilah Mohamed Noor, and all my family members: 
abang Atan, kak Yati, Angah, abang Farid, abang Sopi, kak Ani, Adik, Mira, Ahmad and Alin. I 
cannot find any words to express my appreciation for your understanding and support during my 
PhD study. Nothing more important than family. 
Thanks to my friends in Loughborough especially Shafizal ‘Pot’ Mat, Amir Aatief, Hairul ‘Zee 
Gaban’, Rifqi, Faizal Tahir, Haneef, Safwan and to all my compatriots from Masyarakat Melayu 
Loughborough (MML). Also to my friends in Design School especially Yudhi, Hesam, Daniel, 
Nicola, Patrick and Cay. Special thanks also go to all my fellow teammates from AMaTUC project 
for the knowledge, experience, and kind cooperation. 
May Allah reward all of you with goodness. 
  
iv 
 
TABLE OF CONTENTS 
 
ABSTRACT ............................................................................................................................. i 
ACKNOWLEDGEMENTS ..................................................................................................... iii 
TABLE OF CONTENTS ........................................................................................................ iv 
LIST OF TABLES ............................................................................................................... xiii 
LIST OF FIGURES .............................................................................................................. xvi 
CHAPTER 1 
INTRODUCTION 
1.0 Research Background .................................................................................................. 1 
1.1 Research Aim ............................................................................................................... 3 
1.2 Research Objectives ..................................................................................................... 3 
1.3 Research Scope ........................................................................................................... 3 
1.4 Research Audience ....................................................................................................... 4 
1.6 Thesis Structure ............................................................................................................ 4 
CHAPTER 2 
PRODUCT PERSONALISATION 
2.0 Introduction ................................................................................................................... 7 
2.1 Product Personalisation ................................................................................................ 7 
2.2 Defining Personalisation ............................................................................................. 12 
2.3 Product Personalisation vs Mass-Customisation ......................................................... 14 
v 
 
2.4 Motivations for the End-users to Personalised ............................................................ 19 
2.5 End-users Classification in Product Personalisation .................................................... 21 
2.6 Summary .................................................................................................................... 26 
CHAPTER 3 
ADDITIVE MANUFACTURING (AM) AND 3D PRINTING 
3.0 Introduction ................................................................................................................. 27 
3.1 Definition of AM and 3D Printing ................................................................................. 27 
3.2 Overview of AM Technologies and Applications .......................................................... 28 
3.3 The Generic AM Process and Major AM Technologies ............................................... 37 
3.3.1 Material Extrusion ................................................................................................ 41 
3.3.2 Powder Bed Fusion .............................................................................................. 42 
3.4 Product Personalisation and End-users Adoption of AM ............................................. 43 
3.5 Summary .................................................................................................................... 49 
CHAPTER 4 
CONSUMER VALUE IN PERSONALISED PRODUCT DESIGN 
4.0 Introduction ................................................................................................................. 50 
4.1 General Framework of Value for Product Personalisation through AM ........................ 50 
4.2 Perspective of Consumer Value .................................................................................. 52 
4.3 Product Benefit ........................................................................................................... 59 
4.5 Summary .................................................................................................................... 62 
 
vi 
 
CHAPTER 5 
RESEARCH METHODOLOGY 
5.0 Introduction ................................................................................................................. 63 
5.1 Research Intent .......................................................................................................... 63 
5.2 Research Gap ............................................................................................................. 63 
5.3 Research Questions ................................................................................................... 64 
5.4 Research Framework .................................................................................................. 65 
5.5 Research Approaches ................................................................................................ 71 
5.5.1 Literature Study .................................................................................................... 74 
5.5.2 Data Collection ..................................................................................................... 75 
5.5.3 Sampling Technique ............................................................................................ 76 
5.6 Summary .................................................................................................................... 77 
CHAPTER 6 
DEVELOPMENT OF THE VALUE TAXONOMY FOR PERSONALISED AM PRODUCTS 
6.0 Introduction ................................................................................................................. 78 
6.1 Overview of a value taxonomy of personalised AM products ...................................... 78 
6.2 Taxonomy ................................................................................................................... 79 
6.3 The Development of the Value Taxonomy .................................................................. 80 
6.3.1 Experiential Value ................................................................................................ 82 
6.3.1.1 Co-design Value ............................................................................................ 83 
6.3.1.2 Hedonic Value ............................................................................................... 84 
vii 
 
6.3.2 Product Value ...................................................................................................... 85 
6.3.2.1 Functional Value............................................................................................ 85 
6.3.2.2 Personal-expressive Value ............................................................................ 86 
6.3.2.3 Sensory Value ............................................................................................... 87 
6.3.2.4 Unique Value ................................................................................................. 88 
6.4 Summary .................................................................................................................... 91 
CHAPTER 7 
ASSESSING THE VALUE OF PRODUCT PERSONALISATION 
7.0 Introduction ................................................................................................................. 92 
7.1 Aims of Study 1 ........................................................................................................... 93 
7.2 Method ........................................................................................................................ 93 
7.3 Sampling Strategy....................................................................................................... 95 
7.4 Participants ................................................................................................................. 96 
7.5 Materials ..................................................................................................................... 96 
7.6 Procedure ................................................................................................................... 97 
7.7 Ethics .......................................................................................................................... 98 
7.8 Pilot Study................................................................................................................... 99 
7.9 Survey Results .......................................................................................................... 100 
7.9.1 Assessing End-Users’ Value Reflection on Personalised Function Features. ..... 101 
7.9.2 Assessing End-Users’ Value Reflection on Personalised Self-Expression Features.
 ................................................................................................................................... 103 
viii 
 
7.9.3 Assessing End-Users’ Value Reflection on Personalised Aesthetic Features ..... 105 
7.9.4 Assessing End-Users’ Value Reflection on Personalised Unique Features. ....... 107 
7.9.5 Assessing End-Users’ Value Reflection on Interaction During Product 
Personalisation Process.............................................................................................. 109 
7.9.6 Assessing End-Users’ Value Reflection on the Sensation of Entertainment During 
the Product Personalisation Process. .......................................................................... 112 
7.9.7 The Key Value of Product Personalisation ......................................................... 115 
7.9.8 Discussion.......................................................................................................... 117 
7.10 Summary ................................................................................................................ 118 
CHAPTER 8 
EVALUATING THE VALUE OF PRODUCT PERSONALISATION FACILITATED THROUGH 
AM 
8.0 Introduction ............................................................................................................... 119 
8.1 Aims of Study 2 ......................................................................................................... 120 
8.2 Method ...................................................................................................................... 121 
8.3 Sampling Strategy..................................................................................................... 122 
8.4 Participants ............................................................................................................... 122 
8.5 Design Toolkits ......................................................................................................... 123 
8.6 Procedure ................................................................................................................. 125 
8.7 Ethics ........................................................................................................................ 126 
8.8 Pilot Study................................................................................................................. 127 
8.9 Results and Findings ................................................................................................ 127 
ix 
 
8.9.1 Experiential Value .............................................................................................. 130 
8.9.1.1 Design Attributes ......................................................................................... 130 
8.9.1.2 Co-design .................................................................................................... 131 
8.9.1.3 Hedonic Elements ....................................................................................... 132 
8.9.2 Product Value .................................................................................................... 134 
8.9.2.1 Personalisation Attributes ............................................................................ 134 
8.9.2.2 Perceived Value of 3D-printed Personalised Products................................. 136 
8.9.2.3 Willingness to Pay (WTP) ............................................................................ 137 
8.9.2.4 The Key Value of 3D-printed Personalised Products ................................... 138 
8.9.3 Discussion.......................................................................................................... 139 
8.10 Comparison of the Key Value with the Previous Results ......................................... 141 
8.11 Summary ................................................................................................................ 143 
CHAPTER 9 
DEVELOPMENT AND VALIDATION OF ADDED VALUE IDENTIFICATION METHOD 
9.0 Introduction ............................................................................................................... 144 
9.1 Outcome from the previous study ............................................................................. 144 
9.2 The Purpose of the Added Value Identification Method ............................................. 145 
9.3 Industrial Design ....................................................................................................... 147 
9.4 Design Method .......................................................................................................... 148 
9.5 Development of the Added Value Identification Method ............................................ 149 
9.5.1 The Structural Aspect ......................................................................................... 150 
x 
 
9.5.2 The Procedural Aspect ....................................................................................... 153 
9.5.3 Design Challenge ............................................................................................... 155 
9.6 Development of the Added Value Identification Tool ................................................. 168 
9.6.1 Cover page ........................................................................................................ 171 
9.6.2 Table of Contents ............................................................................................... 172 
9.6.3 Preface .............................................................................................................. 173 
9.6.4 Introduction ........................................................................................................ 174 
9.6.5 AM Technology: Enhancing Product Value ........................................................ 175 
9.6.6 V+APP Method: Structural Aspect...................................................................... 176 
9.6.7 V+APP Method: Procedural Aspect .................................................................... 177 
9.6.8 Design Process .................................................................................................. 178 
9.6.9 Design Challenge ............................................................................................... 179 
9.6.10 V+APP Design Method .................................................................................... 180 
9.6.11 References ....................................................................................................... 181 
9.6.12 Design notes/sketches ..................................................................................... 182 
9.7 Validation of the Added Value Identification Tool ...................................................... 182 
9.7.1 Method ............................................................................................................... 183 
9.7.2 Pilot Study .......................................................................................................... 184 
9.7.3 Participants ........................................................................................................ 185 
9.7.4 Procedure .......................................................................................................... 186 
9.7.5 Results and Findings .......................................................................................... 187 
xi 
 
9.7.5.1 Assessing the Usability of the Design Aid Tool ............................................ 189 
9.7.5.2 Assessing the Applicability of the Design Aid Tool....................................... 190 
9.7.5.3 Assessing the Effectiveness of the Design Aid Tool .................................... 192 
9.7.5.4 Measuring Overall Usability ......................................................................... 193 
9.7.5.5 Discussion ................................................................................................... 195 
9.8 Summary .................................................................................................................. 197 
CHAPTER 10 
CONCLUSIONS AND FUTURE WORK 
10.0 Introduction ............................................................................................................. 199 
10.1 Achievement of Research Objectives ...................................................................... 199 
10.2 Answers to Research Questions ............................................................................. 201 
10.3 Contribution to Knowledge ...................................................................................... 205 
10.4 Limitations of the Research ..................................................................................... 206 
10.5 Recommendations for Future Work......................................................................... 207 
REFERENCES ................................................................................................................... 208 
APPENDIX 
APPENDIX 1 Example of existing AM-enabled easy-to-use softwares ......................... 227 
APPENDIX 2 Study 1: Questionnaire survey – Full results............................................ 229 
APPENDIX 3 Study 1 - Breakdown of respondents according to age and education levels
 ........................................................................................................................................... 245 
APPENDIX 4 Study 1 - Respondents’ employment status corresponds to working in 
designing consumer products......................................................................................... 247 
xii 
 
APPENDIX 5 Study 1 - Types of organisation respondents worked in ......................... 249 
APPENDIX 6 Respondents experience of participation in product personalisation .... 251 
APPENDIX 7 The experimental process of Study 2 ........................................................ 253 
APPENDIX 8 Participant Information Sheet .................................................................... 255 
APPENDIX 9 Informed Consent Form ............................................................................. 258 
APPENDIX 10 Study 2: Experiential Value – Full results ............................................... 261 
APPENDIX 11 Study 2: Product Value – Full results ...................................................... 267 
APPENDIX 12 Participants Willingness to Pay (WTP) – Full results ............................. 273 
APPENDIX 13 V+APP Design Method: Design Workbook ............................................. 279 
APPENDIX 14 Study 3 – Email Invitation Template ........................................................ 301 
APPENDIX 15 Study 3 – Follow-up Email Template ....................................................... 303 
APPENDIX 16 Study 3 – Validation results ..................................................................... 306 
 
  
xiii 
 
LIST OF TABLES 
Table 1-1: Chosen product categories and examples, adapted and adjusted from 3D Hubs 
(2015) ......................................................................................................................................... 4 
Table 2-1 Differentiation between product personalisation and mass-customisation, adapted 
from  Zhou et al. (2013). ........................................................................................................... 17 
Table 2-2: Direct end-users involvement in NPD, adapted from Sinclair and Campbell (2014) . 22 
Table 2-3: Description on the types of Consumer-Design Products, adapted from Sinclair (2012)
 ................................................................................................................................................. 25 
Table 3-1: General capabilities of AM, adapted from Rosen (2014) .......................................... 29 
Table 3-2: Comparison between AM/3D printing technology and traditional manufacturing, 
adapted from Lipson and Kurman (2013) ................................................................................. 30 
Table 3-3: AM technology’s opportunities and limitations from a technological perspective, 
adapted from Weller et al. (2015) ............................................................................................. 35 
Table 3-4: AM technology’s opportunities and limitations from  economic perspective, adapted 
from Weller et al. (2015) ........................................................................................................... 36 
Table 3-5: Categories of AM technologies and their definitions, adapted from Li et al. (2016) and 
ISO/ASTM International (2016)................................................................................................. 38 
Table 3-6: Summary of broad AM technologies, adapted from (Thompson et al., 2016) ........... 40 
Table 3-7: Examples of existing AM-enabled easy-to-use design toolkits ................................. 47 
Table 4-1: Human values as defined by Rokeach (1979), adapted from den Ouden (2012) ..... 53 
Table 4-2: Motivational types of value, adapted from Schwartz (2013) ..................................... 54 
Table 4-3: Typologies of consumer value from the literature, adapted and adjusted from den 
Ouden (2012) ........................................................................................................................... 55 
Table 4-4: Typology of customer value, adapted from Holbrook (1996) .................................... 56 
xiv 
 
Table 4-5: Value dimensions on end-users’ perceived value of self-designed products ............ 58 
Table 4-6: Typologies of generic product benefits from consumption values, adapted and 
adjusted from Lai (1995), Schreier (2006) and Aaker (1996) .................................................... 60 
Table 5-1: Types of research approach, adapted from Creswell (2014) .................................... 71 
Table 5-2: Quantitative, qualitative and mixed-methods approaches, adapted from Creswell 
(2014) ....................................................................................................................................... 73 
Table 6-1: Taxonomy-oriented matrices, adapted from Ostergaard and Summers (2009) ........ 80 
Table 6-2: The definitions of the value taxonomy ...................................................................... 82 
Table 7-1: The content of the questionnaire – Study 1 .............................................................. 97 
Table 7-2: Willingness to pay extra for personalised function features .................................... 102 
Table 7-3: Willingness to pay extra for personalised self-expression features ........................ 104 
Table 7-4: Willingness to pay extra for personalised aesthetic features .................................. 106 
Table 7-5: Willingness to pay extra for personalised unique features...................................... 108 
Table 8-1: The list of web-based design toolkits and recommended products ........................ 124 
Table 8-2: The content of questionnaire in experimental study ............................................... 124 
Table 8-3: List of recommended products ............................................................................... 125 
Table 8-4: List of products personalised by participants ......................................................... 128 
Table 9-1: Work goals of industrial designers, adapted from Ulrich and Eppinger (2012) ....... 148 
Table 9-2: Creative and rational methods adapted from Cross (2008) .................................... 149 
Table 9-3: Number of questions for each phase in the V+APP Design Process...................... 157 
Table 9-4: Design questions for Phase 00 – Identifying Opportunities .................................... 158 
Table 9-5: Design questions for Phase 01 – Key Value Components ..................................... 160 
xv 
 
Table 9-6: Design questions for Phase 02 – Concept Generation ........................................... 161 
Table 9-7: Design questions for Phase 03 – Concept Refinement .......................................... 163 
Table 9-8: Design questions for Phase 04 – Concept Selection.............................................. 164 
Table 9-9: Design questions for Phase 05 – Detail Design ..................................................... 165 
Table 9-10: Design questions for Phase 06 – Prototype Testing............................................. 166 
Table 9-11: Design question for Phase 07 – Design Ready .................................................... 167 
Table 9-12: Examples of formats used to present design aid tools, adapted and adjusted from 
Yavari (2017) .......................................................................................................................... 168 
Table 9-13: List of sections in the V+APP Design Method: Design Workbook ........................ 170 
Table 9-14: Type and number of participants.......................................................................... 188 
Table 9-15: The list of statements for the measured characters.............................................. 188 
Table 9-16: Five-point Likert scale .......................................................................................... 189 
Table 9-17: Participants’ responses on the usability of V+APP Design Method: Design 
Workbook ............................................................................................................................... 189 
Table 9-18: Participants’ responses on the applicability of V+APP Design Method: Design 
Workbook ............................................................................................................................... 191 
Table 9-19: Participants’ responses on the effectiveness of V+APP Design Method: Design 
Workbook ............................................................................................................................... 192 
Table 9-20: SUS scores obtained for each participant ............................................................ 194 
Table 9-21: SUS score of overall usability .............................................................................. 194 
Table 9-22: Overall usability result.......................................................................................... 195 
  
xvi 
 
LIST OF FIGURES 
Figure 1-1: Thesis structure ........................................................................................................ 5 
Figure 2-1: The example personalised image on phone cases, adapted from (Funkypigeon, 
2017) .......................................................................................................................................... 9 
Figure 2-2: Coca-Cola personalised bottles with the author’s family names on them .................. 9 
Figure 2-3: Mass-customisation and product personalisation are overlapped between co-design, 
adapted from Shaukat (2012) ................................................................................................... 18 
Figure 2-4: Relationship between end-user involvement, mass-customisation and product 
personalisation ......................................................................................................................... 18 
Figure 2-5: A classification of end-users involvement in industrial design, adapted from Sinclair 
(2012) ....................................................................................................................................... 23 
Figure 2-6: Types of Consumer-Design Products, adapted from Sinclair (2012) ....................... 24 
Figure 3-1: Sector application of AM technology, adapted from Caffrey et al. (2016) ................ 31 
Figure 3-2: Range of applications using industrial AM systems, adapted from Caffrey et al. 
(2016) ....................................................................................................................................... 32 
Figure 3-3: Sales forecast of AM products and services, adapted from Caffrey et al. (2016) .... 32 
Figure 3-4: Quin.MGX lampshade produced using AM technology, adapted from .MGX by 
Materialise (2017) ..................................................................................................................... 33 
Figure 3-5: 3D printed cranial implant using titanium alloy material, adapted from 3Ders.org 
(2015) ....................................................................................................................................... 34 
Figure 3-6: Generic AM Process, adapted from Gibson et al. (2010) ........................................ 37 
Figure 3-7: AM product in full-colour variation, adapted from (Stratasys 2017) ......................... 39 
Figure 3-8: Material extrusion, adapted from Additively (2017a) ............................................... 41 
xvii 
 
Figure 3-9: Powder bed fusion process, adapted from Additively (2017b) ................................ 42 
Figure 3-10: Examples of 3D printed personalised products: robotic hand, camera holder and 
candlelight case, adapted from Shapeways (2016)................................................................... 44 
Figure 3-11: The classic RepRap Mendel 3D printer, adapted from Neil Mohr (2013) .............. 44 
Figure 3-12: Comparison of most common part-types produced by end-users using 3D printing 
in 2012 and 2013, adapted from Moilanen (2013) .................................................................... 45 
Figure 3-13: The design process for product personalisation through the use of AM, adapted 
and adjusted from Koren (2010) ............................................................................................... 48 
Figure 4-1: Value framework for product personalisation through AM ....................................... 51 
Figure 4-2: The theoretical model of end-user’s perceived value of personalised AM products, 
adapted and adjusted from Lai (1995), Schreier (2006) and Aaker (1996) ................................ 61 
Figure 5-1: Designing a research strategy framework, adapted from Creswell (2014) .............. 66 
Figure 5-2: Relationship between design research methodology, design research and design, 
adapted from Blessing and Chakrabarti (2009) ......................................................................... 67 
Figure 5-3: DRM framework – stages, basic means and deliverables, adapted from Blessing 
and Chakrabarti (2009) ............................................................................................................. 67 
Figure 5-4: Types of research project designs, adapted from Blessing and Chakrabarti (2009) 68 
Figure 5-5: Chosen research design for this study, adapted from Blessing and Chakrabarti 
(2009) ....................................................................................................................................... 69 
Figure 5-6: Overall research strategy........................................................................................ 70 
Figure 5-7: Research questions against research stages, adapted and adjusted from Blessing 
and Chakrabarti (2009) ............................................................................................................. 74 
Figure 6-1: The value taxonomy of product personalisation using AM technology .................... 81 
Figure 6-2: Taxonomy of co-design value ................................................................................. 83 
xviii 
 
Figure 6-3: Taxonomy of hedonic value .................................................................................... 84 
Figure 6-4: Taxonomy of functional value ................................................................................. 86 
Figure 6-5: Taxonomy of personal-expressive value ................................................................. 87 
Figure 6-6: Taxonomy of sensory value .................................................................................... 88 
Figure 6-7: Taxonomy of unique value...................................................................................... 89 
Figure 6-8: The value taxonomy of personalised AM products ................................................. 90 
Figure 7-1: Purchase intention for product with personalised functional features .................... 103 
Figure 7-2: Purchase intention for product with personalised self-expression features ........... 105 
Figure 7-3: Purchase intention for product with personalised aesthetic features ..................... 107 
Figure 7-4: Purchase intention for product with personalised unique features ........................ 109 
Figure 7-5: The importance of interaction attributes during personalisation process ............... 110 
Figure 7-6: Willingness to participate in creative cooperation process to personalise own design
 ............................................................................................................................................... 111 
Figure 7-7: Purchase intention for personalised product that requires interaction with the product
 ............................................................................................................................................... 112 
Figure 7-8: The importance of entertainment attributes during personalisation process .......... 113 
Figure 7-9: Willingness to participate in product personalisation to experience the enjoyment of 
creating things ........................................................................................................................ 114 
Figure 7-10: Purchase intention of personalised product that enables them to enjoy creating 
things in the future .................................................................................................................. 115 
Figure 7-11: Respondents evaluation on the value of Product Personalisation ....................... 116 
Figure 8-1: Classification of the participants based on gender and age group. ....................... 128 
Figure 8-2: Design attributes considered during personalisation process ............................... 131 
xix 
 
Figure 8-3: Types of co-design activities considered during the personalisation process ........ 132 
Figure 8-4: Types of hedonic elements involved during the personalisation process .............. 133 
Figure 8-5: Personalisation attributes and their contribution to the added value of 3D printed 
personalised products ............................................................................................................ 135 
Figure 8-6: Comparison of Participants’ Perceived Value (PPV) between standard design and 
3D-printed personalised design .............................................................................................. 136 
Figure 8-7: Comparison between production cost of 3D-printed Personalised Design (3DPD) 
and participants' Willingness to Pay (WTP) ............................................................................ 137 
Figure 8-8: Value of Product Personalisation fabricated through AM/3D printing technology .. 138 
Figure 8-9: Results comparison between Study 1: Questionnaire Survey and Study 2: 
Experimental method .............................................................................................................. 142 
Figure 9-1: Generic industrial design process, adapted from Ulrich and Eppinger (2012) ....... 147 
Figure 9-2: The arrangement of the structural aspect of the V+APP Design Method .............. 150 
Figure 9-3: The arrangement of the generic ID process .......................................................... 151 
Figure 9-4: The arrangement of the V+APP Strategic Area .................................................... 152 
Figure 9-5: The arrangement of the V+APP Design Process .................................................. 153 
Figure 9-6: Operational approach of the V+APP Design Method ............................................ 154 
Figure 9-7: The arrangement of the design challenge in the V+APP Design Method .............. 156 
Figure 9-8: The cover page of the V+APP Design Method: Design Workbook ........................ 171 
Figure 9-9: The table of contents page ................................................................................... 172 
Figure 9-10: The preface page ............................................................................................... 173 
Figure 9-11: The introduction page ......................................................................................... 174 
Figure 9-12: The AM Technology: Enhancing Product Value page ......................................... 175 
xx 
 
Figure 9-13: The V+APP Design Method: Structural Aspects page ........................................ 176 
Figure 9-14: The V+APP Design Method: Procedural Aspect page ........................................ 177 
Figure 9-15: The design process of the V+APP Design Method ............................................. 178 
Figure 9-16: The Design Challenge page ............................................................................... 179 
Figure 9-17: The V+APP Design Method page ....................................................................... 180 
Figure 9-18: The reference page ............................................................................................ 181 
Figure 9-19: Design notes/sketching page .............................................................................. 182 
Figure 9-20: SUS grading scale, adapted from Bangor et al., (2008) ...................................... 195 
1 
 
CHAPTER 1  
INTRODUCTION 
1.0 Research Background 
The motivation for this research has come from the interest in achieving high value personalised 
consumer product designs, facilitated through the use of Additive Manufacturing (AM). AM 
technology is known to have great potential for high flexibility in producing personalised consumer 
products of almost any shape imaginable. The advancement of AM, also known as 3D printing, 
in the design and manufacturing sectors has created much attention and increasingly gained 
acceptance, particularly from non-expert users (Gebler et al., 2014; Kietzmann et al., 2015).  
Within the consumer product market (e.g. consumer electronics and household goods), AM is 
most suited to products requiring customisation and personalisation. It supports manufacturing 
flexibility and design complexity in a product (Weller et al., 2015). These characteristics have 
encouraged 'do-it-yourself' production among technically-minded individuals. End-users can 
personally design their own products using AM-enabled design tools and fabricate them using 
either personal desktop 3D printers or through existing 3D printing service bureaus. A recent study 
shows that 17% of AM users primarily work in the Consumer Goods sector, and the majority of 
them consider themselves as beginners. Most of them are making products using AM due to their 
passion and a keen interest in the technology (De Warny, 2016). There exists a broad range of 
consumer products that can be personalised using AM. The most well-known examples of such 
personalised products are smartphones cases, lamp shades, rings, toys and artistic sculptures.  
AM technology presents an opportunity for a new paradigm of product realisation. Consumers 
who do not have expertise in design or formal industrial design education, should be able to 
participate in the process of designing their own product if suitable design tools were available. 
These would enable them to achieve product personalisation by tailoring an existing design of a 
product according to their own needs and preferences (Yavari, 2017).  
Consumers do not only purchase a product for its functionality, utility and aesthetics. They also 
seek to present an image of themselves through “emotional consumption” where they want to 
demonstrate their creativity to pursue emotional satisfaction and mental identification (Tseng and 
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Ho, 2011). They want a product that has a specific nature that can evoke positive emotions, hence 
constructing an ideal image so that they can positively associate with the product (Lee et al., 
2014). To achieve this purpose, the consumer requires diversified, differentiated and personalised 
products (Tseng and Ho, 2011). Under these circumstances, end-users are looking for alternative 
ways to  participate in design in order to meet their psychological needs of being able to reflect 
their personal identity, create a feeling of ownership, evoke positive associations, and appear 
different from others (Blom and Monk, 2003). As a result, the consumer’s demand to depart from 
mass-manufactured standard products has paved the way towards product personalisation, a 
concept that will satisfy individual personal tastes through product design (Tseng and Ho, 2012).  
For end-users, the purpose of product personalisation is to meet their psychological needs as 
their economic ability and social status are enhanced (Tseng and Ho, 2012; Oulasvirta and Blom, 
2007). An assumption is made that an increase in the value of the personalised product is the 
main reason for product personalisation, i.e. to obtain greater benefits than the standard products 
in terms of meeting user preferences. The personalised product should be able to express end-
users’ unique tastes and preferences in addition to having acceptable functionality. For this 
reason, personalised products have their own value and position in the market alongside standard 
products. 
Using AM, many personalised product design shapes can be fabricated at the same time, and 
this makes it economical to create unique products that meet the needs of personalisation (Koff 
and Gustafson, 2012). Several studies have revealed that product personalisation can create 
greater benefits and increased value for end-users when compared to mass-manufactured 
standard products (Power and Bernabei, 2013; Franke et al., 2010). However, there appears to 
be little analysis of end-users’ reflections on the value of personalised products fabricated using 
AM, particularly to explain the benefits and values that end-users acquire when they design and 
own such products. Furthermore, little work has been undertaken to develop a formal design 
method to aid designers in preparing ‘personalisable’ product designs that bring ‘value adding 
personalisation features’ to the product. These help end-users to obtain higher product value 
when they personalise and use a product. 
This research attempted to discover how AM can best be used to increase the value of 
personalised consumer products and how designers can be assisted in finding the best way to 
facilitate higher value of personalised product design. The phenomenon of product 
personalisation was observed, and current AM systems and tools that are used to support product 
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personalisation activities were explored. The definition of consumer value in the context of 
consumer product design was also investigated.  
The following two sections outline the research aim and objectives. 
1.1 Research Aim 
The overall aim of this research was to develop a formal design method to produce high-value 
personalisable product designs facilitated with AM systems and tools. It was envisaged that the 
new design method would act as a design support tool to aid designers in preparing a 
personalisable product design that provides value-added personalised AM products.  
This aim was to be met through addressing the following research objectives. 
1.2 Research Objectives 
The objectives of the research were: 
1. Carry out a literature review to determine the extent of already available knowledge and 
studies around product personalisation, additive manufacturing, and consumer value. 
2. Identify the gaps in current knowledge within this area. 
3. Design a research methodology to address the gaps in knowledge, including the definition 
of appropriate research questions and identification of suitable research methods. 
4. Undertake primary research activities to address the research questions. 
5. Present all the research findings in a suitable format (i.e. thesis, research articles, design 
tool, etc.). 
The following three sections outline the research scope, research audience and an explanation 
of the thesis structure. 
1.3 Research Scope 
To achieve the aim of the research, this study was constrained to the field of industrial design that 
focuses on the application of AM-enabled systems and tools to the consumer product market. 
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The research was also limited to consumer product markets that are characterised by product 
personalisation and ‘do-it-yourself’ (DIY) production among individuals.  Although there are 
numerous ranges of consumer products available, this research concentrated only on the product 
categories that are generally regarded as the most popular in the AM market (3D Hubs, 2015), 
as shown in Table 1-1. 
Table 1-1: Chosen product categories and examples, adapted and adjusted from 3D Hubs 
(2015) 
No. Product categories Product examples 
1. Household goods and decorations. Vases, plates, lamp shades, etc. 
2. Wearable items and fashion (including 
tech accessories). 
Smartphone cases, bracelets, rings, 
etc. 
3. Parts or components for devices. Drone parts, gears, joints, clips, etc. 
4. Artistic and collectible items. Interlocked cubes, patterned 
keychains, etc. 
5. Figures, miniatures and sculptures. Character figurines, miniature toys and 
models, etc. 
1.4 Research Audience 
Firstly, this research was intended to be most relevant to professional designers who are involved 
in the development of digital product designs and using AM technology as their main 
manufacturing method.  
Secondly, it speaks to the groups and individuals who consider themselves as ‘makers’ (including 
all ranges of expertise, from beginners to experts) who are involved in creating and developing 
product designs for customisation and personalisation. It also speaks to software developers who 
are involved in developing design toolkits for product personalisation.  
Thirdly, it aims to allow academics and researchers who share the same area of interest to exploit 
the results and build further knowledge based on the outcomes generated. 
 1.6 Thesis Structure  
This thesis is divided into ten chapters, and Figure 1-1 shows the overall structure of the thesis.  
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STRUCTURE OF THESIS  SUMMARY OF CHAPTER(S) 
   
Chapter 1 
Introduction 
  
Introduces research background, aim, 
objectives, scope, research audience, and 
thesis structure. 
  
  
Chapter 2 
Product Personalisation 
  
Literature Review to understand the 
interconnection between Product 
Personalisation, Additive Manufacturing and 
Consumer Value in Product Design.  
  
Chapter 3 
Additive Manufacturing (AM) and 3D Printing 
  
  
Chapter 4 
Consumer Value in Product Design 
  
  
  
Chapter 5 
Research Methodology 
  
Identifies research purpose, research gaps, 
research questions, research strategy and 
designs, research flow. Justifies the research 
methodology. 
  
  
Chapter 6 
Value Taxonomy of Personalised AM Products 
  
Describe the development of the value 
taxonomy by classifying and characterising the 
key value components of personalised AM 
products. Propose value taxonomy of product 
personalisation facilitated through AM. 
   
Chapter 7 
Assessing the Value of Product Personalisation 
 
Investigation on end-user’s reflection on the 
value of personalised product. 
   
Chapter 8 
 Evaluating the Value Product Personalisation 
Facilitated Through AM 
 
Investigation on end-user’s perceived value of 
personalised consumer products designed by 
end-users and fabricated using AM. 
   
Chapter 9 
Development and Validation of Added Value 
Identification Methodology for Industrial 
Designers 
 
Describe the development and presents the 
validation of added value identification design 
method. 
   
Chapter 10 
Conclusions and Future Work 
 
Discussions about the research objectives, 
research questions, conclusions and future 
works. 
Figure 1-1: Thesis structure 
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Chapter 1 briefly explains the research background including the problem that the thesis is 
concerned with. It also includes the aim, objectives, scope, research audience and the thesis 
structure.  
Chapters 2, 3 and 4 comprise the literature reviews related to this research study. Chapter 2 
presents a literature review of previous work related to the notion of product personalisation. This 
chapter concentrates on the theoretical foundation of product personalisation, its relationship to 
user participation in the product design process, and the current practice of product 
personalisation in the consumer product market. Chapter 3 presents a review of related literature 
on AM technology; including the definitions of the technology, the state of current practice in the 
AM market, and the adoption of AM in the realisation of product personalisation is also 
documented. Chapter 4 looks at how product personalisation using AM can influence the value 
of personalised products, whereby, the general framework of value in product personalisation 
standpoint is discussed. This is followed by a review of the conceptual foundation of consumer 
value, and how end-users perceive product value and benefits. Chapter 5 reviews the approaches 
to the research and outlines the methodology for the studies undertaken. This chapter identifies 
the research purpose, research gaps, research questions, research strategy and designs, 
including the research flow. This chapter also presents the justification of the research methods 
selected.  
Chapter 6 reports on the development of the value taxonomy of personalised AM products by 
classifying and characterising the key value drivers. The chapter also described the definition and 
characteristics of each value types and the components of the taxonomy. Chapter 7 reports on 
an investigation into end-user’s on the value of personalised consumer products, their willingness 
to pay for personalised attributes, and their tendency to buy personalised products. Chapter 8 
presents a further investigation into the value of personalised products, designed by consumers 
and made using AM. This chapter then complements this study with the identification of the key 
value drivers for personalised AM products.   
Chapter 9 presents the development and the validation process of the added value identification 
methodology. This chapter describes the development of a value-added design methodology 
focusing on assisting designers in finding the best way to achieve high value personalised 
products that exploit the capabilities of AM. This followed by the evaluation process of the design 
methodology and the analysis of the responses gathered from the study. Finally, Chapter 10 
synthesises the important findings and the conclusions of the entire research study.  
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CHAPTER 2  
PRODUCT PERSONALISATION 
2.0 Introduction 
This chapter presents a literature review of previous work related to product personalisation, 
aiming to provide a clear understanding of the concept and its application. This chapter describes 
the theoretical foundation of product personalisation from various aspects and thought directions. 
A discussion on the definitions, the differentiation between product personalisation and mass-
customisation, the motivation for product personalisation, and the classification of end-users’ roles 
in product personalisation are also presented. 
2.1 Product Personalisation 
The integration of product personalisation has increasingly played an important role in the 
consumer product market and has attracted interest from both academia and industry, mainly in 
the fields of economics, management, marketing, information systems, and more recently 
expanding into design and product development. Product personalisation stimulates “long-lived 
product attachment” because it enables end-users to create products that uniquely fit their 
preferences, by offering them the opportunity to individualise the product with virtually unlimited 
options (Mugge et al., 2007; Tseng and Ho, 2012).  Many researchers recognise that the meaning 
of personalisation is to individualise products to meet individual’s specific needs by tailoring 
certain features in the product corresponding to the user’s unique preferences.  
To cope with divergent tastes amongst customers, manufacturers need to create innovative 
environments, such as AM-enabled tools and systems, that allow non-designers to participate in 
designing certain aspects of products (Hara and Arai, 2012). It means that they can change any 
features in the product that do not suit them, to make the product a better fit for themselves. Some 
end-users are looking for high complexity in personalisation. The more complicated the product 
they personalise, the more they demonstrate the time and effort they have invested in it. When 
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they invest more time, a greater sense of achievement is created as they “feel a sense of having 
created something” worthwhile (Merle et al., 2010).  
It is necessary, at this point, to clarify the definition of the term 'user' since differing use of the 
term has often led to confusion. The author proposed to use the terms that have been defined by 
Shah et al. (2009), that is, end-users (non-expert users) and  professional users. The term 'end-
users' is referred as non-expert users who are not professionally trained or has little experience 
in the usage of a product and using it for themselves. For example, a layperson who use a vacuum 
cleaner as anticipated by the manufacturer. Whereas, ‘professional user’ is referred as expert 
users who are formally trained and skilled to use specific product. For example, a medical doctor 
who deploy a device to his or her patient. In describing the framework, the author will use term 
end-user to define the user of personalised products. 
In their comprehensive investigations into the concept of product personalisation, Fox (2001) and 
Nurkka (2013) specially mentioned that when end-users were given a greater degree of design 
authority over the design of the product, they could determine relevant product attributes that 
suited their needs. When end-users have the opportunity to determine their own product 
attributes, it will establish a closer and more personal connection between the user and the 
product, hence contributing to a greater intention to purchase the product (Normark and Mankila, 
2013; Pappas et al., 2014). Products that are equipped with tailorable offerings can provide users 
with superior value, facilitate a positive experience during product consumption, and increase 
satisfaction with the product (Nurkka, 2013).  
The increasing trend of product personalisation has inspired several companies to introduce a 
‘design by customer’ concept into their product lines, which allows them to “penetrate into a new 
niche market and capture customers whose special needs could not be fulfilled by standard 
products” (Risdiyono and Koomsap, 2013). For example, Funkypigeon (www.funkypigeon.com) 
enables end-users to personalise a large selection of basic gift designs by allowing end-users to 
enter text or upload a photo onto a birthday card, T-shirt or phone case (see Figure 2-1). The 
result is that end-users can purchase a unique design that matches their personal preferences 
and is suited to any occasion they have in mind.  
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Figure 2-1: The example personalised image on phone cases, adapted from (Funkypigeon, 
2017) 
Coca-Cola Company introduced personalised Coke bottle into their marketing campaign since 
summer 2013. The company was aiming for a more individual experience with their products by 
giving customers the opportunity to put their name on its label. Through their websites1, customers 
are simply typing their name to replace the Coke logo on cans and bottles, or to choose around 
1,000 names and nicknames from the suggested list (Marsh, 2014). Following this, customer 
could personalised bottles and cans that carries their names (Marsh, 2014). Figure 2-2 shows the 
example of the personalised Coke bottles from author’s family. 
 
Figure 2-2: Coca-Cola personalised bottles with the author’s family names on them 
                                               
1 https://buy.shareacoke.com/personalized-bottle 
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Product personalisation enables end-users to obtain a unique and self-expressive design that can 
embody personal style and taste (Yavari et al., 2015). In particular, when the product can fulfil the 
need for self-expression, in effect, it symbolically displays the user's self-image to help construct 
and maintain the user’s identity (Mugge et al., 2004). Since humans often have an emotional 
attachment to the products they possess, the appearance of the product may end up reflecting, 
in some way, the user's personality. According to Dumitrescu (2010), “product personality is the 
set of strong human personality features used to distinguish a product” from those belonging to 
others and which promotes the user’s emotional relationship with it.  
Findings show that an end-user’s bonding with a product is even stronger when the product has 
a 'personality' identical to the user’s characteristics because such products enable them to 
communicate their individuality (Govers and Mugge, 2004). In relation to product personalisation, 
this shows that product personality has a strong influence of self-expression. Another result that 
supports this idea is that the presence of product personality imparts significant tangible benefits 
for end-users (Starostin, 2008). In this situation, products personalisation enables end-users to 
own an individualised product. The feeling of the uniqueness experienced by each user motivates 
them to express themselves through the products they own. Hence, product personalisation can 
become the ultimate expression of value, not just satisfying a user’s needs, but creating a 
relationship between them and the product. 
Following on from this, product personalisation can create a positive effect on product attachment 
due to the formation of an emotional bonding between user and product (Mugge et al., 2009a). 
Product attachment has been defined as “the strength of the emotional bond a consumer 
experiences with a specific product” (Mugge et al., 2008). The range of positive emotions includes 
happiness, nostalgia, pride, excitement, fun and joy. Individuals who experience pleasure and fun 
will develop relatively strong emotional bonds to their favourite or special possessions. When 
users enjoy the experience of using a product, it will trigger greater “emotional attachment to the 
product” (Lee et al., 2014). 
Personalising a product’s features such as changing its shape, adding surface patterns, and 
selecting material or colours requires end-users to invest time, effort and attention by making 
creative choices (Bernabei and Power, 2013). Additionally, Mugge et al. (2005) explained that 
when end-users spend time and effort being directly involved in creating a personalised product, 
they are literally acting as co-designers by applying their creativity to create highly unique and 
personal products. By allowing end-users to become co-designers, the level of attachment and 
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emotional value is increased, and this activity could enhance the consuming experience (Grant 
et al., 2013; Sunikka and Bragge, 2008).  
Mugge et al. (2009b) developed ‘product personalisation options dimensions’ as a useful 
guideline to help explain how consumers can be incorporated within the design of the products. 
The seven dimensions of product personalisation options were defined as “mental effort, physical 
effort, flexibility, initiation, goal of product personalisation, personalisation moment, and 
deliberateness”. These dimensions cover the broad spectrum of product personalisation to assist 
designers in identifying opportunities for a combination of new personalisation options. As 
reviewed by Mugge et al. (2009b), the “degree to which a personalisation option brings about 
benefits and drawbacks is likely to vary for different groups of consumers” since some end-users 
may prefer riskier personalisation options. Designers should have a clear understanding of 
personalisation options for their new product designs. Then they can make more informed 
decisions about the strategy that meet their target user segment. When implementing 
personalisation into the product, the value of the product will increase by strengthening the person 
and product relationship. 
End-users can personalise their products either for functional or appearance-related goals (Fox, 
2001). Functional-related goals “imply that the personalisation improves the product’s 
functionality, resulting in the personalised product corresponding better to an individual’s 
performance needs” (Mugge et al., 2009b). Following appearance-related goals will result in the 
product’s appearance being changed to “match the consumer’s personal taste and style” (Mugge 
et al., 2009b).  
Mugge et al. (2009b) also suggest that “designers could search for ways to offer end-users the 
opportunity to be deeply involved mentally in the design process while restricting the necessary 
investment of physical effort”. Product personalisation is one method for creating a unique and 
very personal product, and using this method, the potential problems of physically doing-it-
yourself can be removed. For instance, if a manufacturer creates an easy-to-use software 
platform, in which end-users can quickly sculpt virtual objects, the manufacturer could then 
produce these virtual objects as physical 3D objects. This has ope ned up possibilities for 3D 
printing applications in consumer markets. Correspondingly, this opportunity has paved the way 
for researchers to investigate and develop consumer design toolkits and computer-aided 
consumer design for product personalisation using AM technologies (see Sinclair, 2012; Ariadi, 
Y. et al., 2012).  
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According to Head (2012), there are three important factors to achieve successful implementation 
of product personalisation. The factors are discussed below. 
The products should be suitable for personalisation: Products that offers high degree of 
flexibility such as modular products would be one of the best options for personalisation (Mugge 
et al., 2009b; Koren, 2010). Such type of product offers the possibility to be changed repeatedly 
to fit end-users preferences (Mugge et al., 2009b). 3D-printed products would be a good example 
of this. Through AM-enabled design toolkit and systems, it allows end-users to personalised 
particular design features of the product in terms of functionality, aesthetics or user-fit, and 
tailoring it to their particular preferences without compromising the safety and basic functionality 
of the products (Campbell et al., 2013).  
The users should be interested and willing to pay for personalisation: This factor can be 
justified through a study by the business advisory firm, Deloitte LLP, stated that one in three or 
36% of consumers saying they are interested in personalised products (Black, 2015). Following 
this, Deloitte LLP also suggests that flexible manufacturing such as 3D printing would enable 
mass-personalisation at lower costs. Additionally, a series of studies such as Schreier (2006), 
Franke et al. (2009) and Guizani et al. (2015) validate that end-users are willing to pay a premium 
price for self-designed products. 
Delivering an enjoyable personalisation experience: This factor is important because it will 
engaged the required senses to encourage product purchase and facilitate attachment. For 
example, the implementation of fun and enjoyable AM-enabled design toolkits that can bring 
‘freedom of expression’ to end-users to enable them to enjoy a positive co-design experience. 
2.2 Defining Personalisation 
There are several definitions of personalisation found in the literature with different focuses in 
different fields of study. There is a degree of uncertainty around the terminology as researchers 
use terms like individualisation, segmentation targeting, profiling, customisation, adaptability, 
individuation, consumer-centric, personification and one-to-one marketing to represent product 
personalisation (Fan and Poole, 2006; Riemer and Totz, 2003). Most studies in the area of product 
personalisation have not fully achieved any consensus in defining personalisation particularly in 
the context of product design (Sunikka and Bragge, 2012). This shows the need to illustrate the 
meaning of personalisation to give a clearer picture. In this thesis, it is necessary to clarify exactly 
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the meaning of personalisation and to develop an understanding of it from the perspective of 
design and product development.   
In the past two decades, there has been an ongoing investigation into the meaning of the term 
through the development of a framework for personalisation that helps identify possibilities for 
personalisation when designing or enhancing products. Initially, personalisation was defined as 
“a process that changes the functionality, interface, information content, or distinctiveness of a 
system to increase its personal relevance to the individual” (Blom, 2000). Blom and Monk (2003) 
later broadened Blom's definition by taking into account the personalisation of technology. They 
therefore included changes in what the product can do as well as its physical appearance. 
Corresponding to Blom (2000), Mugge (2007) provide a clearer picture of personalisation from 
the context of product design by defining it as “process that defines or changes the appearance 
or functionality of a product to increase its personal relevance to an individual”. 
There is some evidence suggesting that personalisation is an expression of individual choice 
since it offers the user control over the services they need to use (Sims and Cabrita Gulyurtlu, 
2014). Chellappa and Sin (2005) additionally describe personalisation as “the ability to proactively 
tailor products to the tastes of individual consumers, based on their personal preferences”. This 
argument has been supported by Tseng et al. (2010) who state that the end-user’s co-creation 
process and the design of human–product interactions are two major design tools commonly used 
in personalisation, so this requires active end-user participation. They identified that active end-
user participation is vital to satisfy the user because their “experience is created through a chain 
of human cognitive activities”.  
Active end-user participation is an important design driver, since it can directly influence the final 
product offering from personalisation. In this case, end-users will become empowered partners 
because they serve as co-designers when they are actively personalising products with their own 
hands (Mugge et al., 2009b). Designers can explicitly involve end-users in the design process by 
creating possibilities for them playing an active role in this process so that the product will closely 
match the end-user's individual needs and taste (Mugge et al., 2009b). This has become a 
significant advantage of product personalisation over other collaborative design projects. The 
design process can involve all end-users in the design activities, instead of a sample of users that 
is supposed to represent the target audience. This argument is in line with Seppä and Tanev 
(2011) since they identified product personalisation as an interaction between end-users and 
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designers in the development of a product, which enables individual customers to co-create a 
unique experience to suit their desires and preferences.  
Tseng et al. (2010) defined personalisation as “satisfying customers as individuals by offering 
personally unique products with positive user experience”. The definition of personalisation 
evolved further as Hu (2013) stated that consumers need to participate in the design process so 
that they can “buy, choose or create their own products to fit their needs”. Grant et al. (2013) 
defined personalisation as the desire to create individualised possessions that gain value from 
end-users’ “role in expressing the 'sense of self', particularly when the product has been 
influenced by the individual’s personal history”. Although differences of opinion still exist, there 
appears to be some agreement that personalisation refers to targeting a market segment of one 
customer or a small group of individuals based on implicitly or explicitly stated preferences 
(Ramnarayan and Jose, 2005; Kumar, 2007). 
It has been widely recognised that the underlying meaning of personalisation is to create a fit with 
someone's personal preference. The term 'personal preference' has been identified as being 
related to the psychological aspects associated with increased aesthetic value, emotional 
responses, lifestyle aspects, self-image or identity, emotional bonding, loyalty and confidence 
(Lang et al., 2013). Some definitions of personalisation only refer to products that suit personal 
taste, whilst others include the need for user participation or co-design in the design procedure. 
While a variety of definitions of the term personalisation have been suggested, this study will use 
the definition first suggested by Campbell et al. (2013), who saw it as active end-user participation 
in the process of “taking a general product design concept and tailoring it to the specific 
preferences” of an end-user. Through active participation in product personalisation, end-users 
can modify a product design concept to produce bespoke products that are created with only one 
user in mind. 
2.3 Product Personalisation vs Mass-Customisation   
There exists an ongoing debate among researchers and designers about how personalisation 
should be differentiated from mass-customisation. Some researchers use the two terms 
interchangeably, whereas to others, there are subtle differences between the two concepts 
(Sunikka and Bragge, 2012). It is apparent that there is a degree of uncertainty among 
researchers and designers about the differences between both terminologies. There is some 
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evidence that these terms are essentially identical. Areas where significant similarities have been 
found include both terms having the aim of “providing goods and services that serve the individual 
customer's personal needs with near mass-production efficiency” (Du et al., 2003). However, in 
the context of this study, the author’s opinion is that personalisation is not the same as mass-
customisation. The justification for this viewpoint is comprehensively discussed below. 
Before proceeding further, it is necessary to have a clear understanding of the definition of mass-
customisation. The term mass-customisation was adopted to cover “the technologies and 
systems that can deliver goods and services that meet individual customers’ needs with near 
mass production efficiency” (Tseng and Piller, 2003). Past literature has shown that promoting 
product modularity is a crucial element in the development of mass-customisation coupled with 
the use of flexible manufacturing systems, and information and communication technologies 
(Fettermann and Echeveste, 2014). Mass-customisation can be considered as a “collaborative 
effort between users and manufacturers, who have different sets of priorities and who need to 
jointly search for solutions that best match users' individual specific needs with manufacturers’ 
customisation capabilities” (Chen et al., 2009). Tseng et al. (2013) indicate that the capability to 
integrate the product varieties derived from individual preferences, with the efficiency of mass 
production is the key feature of mass-customisation. Thus, the product becomes affordable due 
to the low product cost achieved by the production economies of scale. They also state that active 
customer involvement as co-designers (supported by configuration toolkits) throughout the design 
and development process is vital to achieving effective implementation of mass-customisation.  
Product personalisation differs from mass-customisation in several important ways. Campbell et 
al. (2013) reported that mass-customisation facilitates the creation of “many different versions of 
products aimed at different markets”, where different product designs are generated by selecting 
from several ranges of available options. The ‘uniqueness’ of a product comes only from the wide 
variety of option combinations that are available. The number of possible combinations, though 
large, is still finite and it is therefore entirely possible that two customers will choose the same 
combination of options. On the other hand, product personalisation can produce truly unique 
products that are designed from the “outset with one customer in mind” (Campbell et al., 2013), 
and tailored to the needs of one individual and no others. This is best ensured by creating an 
infinite number of choices for one or a few features. In mass-customisation, some end-users may 
feel they are designing their product. The truth is that they are not involved in the designing of 
their products. Instead, they are simply selecting from pre-defined options (Koren et al. 2015). 
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Riemer and Totz (2003) defined mass-customisation as an “individualisation of products at the 
cost of one-size fits all”, while, in general terms, product personalisation is an individualisation 
that matches one object's nature with one subject's need. Ho (2006) indicates that mass-
customisation provides an “array of choices” for the users to modify the product's look and feel 
based on the preferences of groups of users, whereas product personalisation is “the process of 
providing relevant content based on individual user preferences” (Fan and Poole, 2006). Bernabei 
and Power (2012) indicate that the fundamental purpose of mass-customisation is to seek 
“economic efficiency and marketability through the ability of end-users to customise the product”. 
It also has minimal end-user involvement because mass-customisation is restricted to selection 
from a set of pre-determined options. For example, end-users get to choose certain features such 
as colour or texture and apply them to the pre-designed product. The purpose of product 
personalisation is to use individualisation and emotionally rich content in a product to create 
increased attachment and emotional bonding (Wensveen et al., 2000; Demirbilek and Sener, 
2004). In terms of user involvement, instead of being restricted to pre-designated varieties of 
choice (as in mass-customisation), product personalisation provides for various degrees of 
involvement at any stage of the design process, for example from configuration using a design 
toolkit through user completion of an ‘unfinished design’ (Bernabei and Power, 2012). 
In another study,  Zhou et al. (2013) specifically mentioned that personalisation is an ‘advanced’ 
stage of mass-customisation, where personalisation is characterised by changeable and 
configurable design with value increasing more than cost. Zhou et al. (2013) analyse the 
difference between personalisation and mass-customisation based on seven aspects, in terms of 
market, initiation, customer needs, customer involvement, production, mass efficiency, and 
product type. A summary of this differentiation is shown in Table 2-1. 
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Table 2-1 Differentiation between product personalisation and mass-customisation, adapted 
from  Zhou et al. (2013). 
Comparison Product personalisation Mass-customisation 
Market Market-of-one Market-of-few 
Initiation 
Company-initiated (e.g. system 
recommendation on website) 
User-initiated  (e.g. 
configuring computer) 
Customer needs 
Implicit customer needs (focus on 
affective and cognitive needs or 
user experience) 
Explicit customer needs 
(focus on functional needs, 
e.g. IKEA products) 
Customer 
involvement 
End-users co-creation (seeking 
value by personalisation) 
End-users configuration 
(modify and customise) 
Production 
Product needs to be changeable, 
adaptable and configurable 
Varies based on modularity 
and commonality 
Mass efficiency Value outperforms cost 
Lower cost and higher 
efficiency 
Product type 'Soft' component of products 'Hard' component of products 
Table 2-1 indicates that product personalisation addresses a market-of-one, while mass-
customisation focuses for the market-of-few, in line with the opinion of Kumar (2007). While mass-
customisation mainly focuses on explicit customer needs that often initiated by end-users 
themselves (e.g. computer configuration), product personalisation primarily addresses implicit 
customer’s affective and cognitive needs. Compared with the limited end-user involvement seen 
in mass-customisation, personalisation end-users need to be actively involved in the product 
design process, for example, in a co-creation process to address the end-user's particular 
preferences for a product. 
In the context of production, Zhou et al. (2013) further explain that mass-customisation is close to 
mass-production in the manufacturing of “product varieties based on modularity and 
commonality”, for example, IKEA's products. Products for personalisation are produced in a 
“changeable, adaptable, and configurable” fashion with value outperforming cost (e.g. mobile 
phone case). Mass-customisation is more suitable for ‘hard’ components, in which a typical design 
of the physical product has virtually no changeable features, whilst product personalisation is 
more applicable to ‘soft’ components, in which certain features are changeable and adaptable 
(e.g. changing product’s 3D form using design toolkit).  
Despite the differences between product personalisation and mass-customisation, there are still 
some similarities between both terms. The most important of the similarities is that end-users are 
directly involved in the process of designing a product as a co-designer (Mugge, 2008). In some 
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cases, mass-customisation activity could seemingly result in product personalisation. For 
example, an activity where the end-user selects the size and image of a t-shirt based on the 
options that are available. However, the product will only become truly personalised when the 
end-user can adjust the t-shirt size exactly to the right measurement and they can upload their 
own personal image. In relation to this matter, Shaukat (2012) explained that product 
personalisation is “a subset of mass-customisation, whereas co-design overlaps with both of 
them” (p. 26). Shaukat stated that mass-customisation and personalisation are overlapped 
between co-design. Shaukat represent the relationship between co-design, mass-customisation 
and product personalisation as depicted in Figure 2-3.  
 
 
 
 
 
Figure 2-3: Mass-customisation and product personalisation are overlapped between co-design, 
adapted from Shaukat (2012) 
However, findings in the literature discussed earlier revealed a number of differentiation between 
mass-customisation and personalisation based on the concept, definition and characters. The 
only similarity is that end-users are directly involved in both processes. Therefore, the author 
offers a different opinion on the understanding of the relationship between mass-customisation, 
personalisation and co-design. The relationship is depicted in Figure 2-4 below. 
 
 
 
 
Figure 2-4: Relationship between end-user involvement, mass-customisation and product 
personalisation 
Co-
design Personalisation  
Mass-
customisation   
Co-
design 
Personalisation  
Mass-
customisation   
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2.4 Motivations for the End-users to Personalised 
The reasons why end-users choose to personalise their products are different and varied. To 
enable designers to use personalisation as an effective design strategy, they should have a deep 
understanding of why end-users want to personalise their products. Based on earlier findings, it 
is understood that product personalisation can be used to “provide end-users with control over 
appearance and function, thus increasing a product’s relevance to the individual” (Nurkka, 2013).  
Since many current products are very similar to each other, end-users have a desire to display 
individualism because everyone has different tastes (Grant et al., 2013). The ability to personalise 
products is a way of expressing consumer individualism by “defining, maintaining, and expressing 
the identity of the user” (Grant et al., 2013). On the other hand, there is also a desire to get 
involved in the process of a co-designing product as it enables consumers to be creative and to 
give themselves a greater choice (Grant et al., 2013). End-users gain the benefit of an improved 
fit to their needs, experiences and ideas together with improved functionality, usability, and quality 
of the product (Shah and Robinson, 2007). End-users’ willingness to expend their effort to affirm 
their interests and tastes allows them to transform a standard one-size-fits-all product into a 
“personalised, personally useful, and enjoyable” artefact that can be used to improve their lives 
(Oulasvirta and Blom, 2007). 
The motivational drivers for personalisation have been related to two types of psychological 
needs: interest and control. Interest is related to stimulation and the personal significance of an 
object or specific features of an activity, while control refers to the “interaction with the 
environment that produces desired outcomes” (Oulasvirta and Blom, 2007). If end-users have 
interest in and control of a technology that increases their effectiveness, the technology can 
support the basic psychological needs of expressing emotion and self-involvement. This 
contributes to several positive effects such as performance, engagement, social acceptance and 
social status (Oulasvirta and Blom, 2007). Regardless of what outcome it might be, 
personalisation itself is a rewarding activity (Oulasvirta and Blom, 2007).  
In a classical design process, multiple end-user requirements are translated by the designer into 
a single product, which normally been carried out through a series of product development phases 
(see Ulrich and Eppinger, 2012). Manufacturers obtain user needs information meticulously from 
representative users in the intended target market, and assign the task of generating ideas for 
new design solutions to designers (Lilien et al., 2002).  In a related scenario, empirical studies 
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have identified that there is some users can act as user innovators or ‘lead users’ that use 
innovation as a source of motivation to create products based on personal needs (von Hippel, 
1986; Lüthje and Herstatt, 2004). This user innovation approach focuses on seeing end-users as 
a source of innovation (Bogers et al., 2010). They are used to generate new applications, often 
based on existing manufactured products, and developing new products and solutions for 
personal needs (Weber, 2011). Since they personally experience the need for such innovation, 
they expect attractive innovation-related benefits from the solution and feel motivated to innovate 
themselves (Lilien et al., 2002). Facilitated by innovative manufacturing technology, e.g. AM-
enabled tools and systems, end-users can design a novel product through trial-and-error 
experimentation, and immediately deliver the outcome of their design ideas (Franke and Piller, 
2004). As a result, one can deduce that many of the novel products will also appeal to other users 
(Weber, 2011). 
Product personalisation involves allowing end-users to determine appropriate product 
characteristics that will conform the product’s to users’ hedonistic needs, thus increasing their 
connection to the product. Oulasvirta and Blom (2007) present the idea that basic human needs 
and self-determination are the primary key drivers for end-users wishing to personalise a product. 
Self-determination is “the need to experience choice in behaviour, and it reflects the desire to 
have one’s choices rather than environmental events determine one’s actions” (Oulasvirta and 
Blom 2007).  
Research shows that there are four types of motivational dimensions underlying end-users' 
behavioural responses to personalisation; namely functional, hedonic, social and symbolic 
motivation (Schuitema et al., 2012; Ariadi et al., 2012). Functional motivation causes end-users 
to focus mostly on the utility derived from product associated with usefulness, compatibility, 
performance, reliability, efficiency, comfort, quality, and performance features (Ariadi et al., 2012). 
In contrast, hedonic motivation may lead to a strong focus on emotional experience, which can 
be derived from pleasure, fun, enjoyment, excitement, and escape from the daily round (Ariadi et 
al., 2012).  
With social motivation, end-users chose to personalise products in order to express their 
personality and display their own identity through the product (Grant et al., 2013). Symbolic 
motivation pertains to end-users feeling connected or attached to personalised products due to 
the nostalgic emotional value created through the personalisation, since “past memory and 
experience are one basis of people's differences from each other” (Tseng and Ho, 2011). End-
21 
 
users will feel connected or attached to a product that symbolises strong emotions and memories. 
The amount of time and effort invested in product personalisation is commensurate with the sense 
of achievement that has been developed through the process (Grant et al., 2013).  
2.5 End-users Classification in Product Personalisation  
It has been described previously that personalisation requires end-users to be actively involved 
in the process of personalising a product. Their motivation for wanting to personalise a product 
also been discussed. There now follows a brief discussion on a classification of end-users’ 
involvement in product personalisation and the different ways in which they can be involved in the 
product personalisation process.  
User involvement is a wide-ranging term describing direct user contact with the product and 
covers many approaches. In this definition, user involvement refers to any interaction of potential 
users in the design and development process (Barki and Hartwick, 1989; Kaulio, 1998). When 
users have the opportunity to get involved in the design and development process, one of the key 
considerations is that users will have their own values and expectations that may well be different 
to those of designers (Kujala, 2008).  
Various concepts have been proposed to justify motivations for end-users and designers to 
collaborate in product development process. The conceptual framework regarding user 
involvement has originated from New Product Development (NPD) research. Concepts like 
Manufacturer Active Paradigm to Customer Active Paradigm (Von Hippel, 1978) were introduced. 
This then shifted to Prosumer (Toffler, 1980), Mass-Customisation (Davis, 1989; Pine II, 1993), 
Consumer Idealised Design (Ciccantelli and Magidson, 1993), and Lead Users (Urban and Von 
Hippel, 1988). The term Consumer Design (Moreau, 2011; Sinclair and Campbell, 2009; Ariadi, 
et al. 2012) was coined to characterise technically and non-technically aware users that play a 
vital role in the innovation processes. Other new paradigms of user involvement, such as Creative 
Consumers, have also been introduced to accommodate users to adapt, modify, or transform a 
proprietary product offering (Berthon et al., 2007).  
In recent years, research in this subject has offered a model for classifying end-user involvement 
in the NPD for industrial design applications. In their investigation into the area, Sinclair and 
Campbell (2014) classified ten possible design approaches that allow end-users to become 
involved in the process of designing a consumer product. Table 2-2 shows the end-users 
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involvement in the different stages of NPD according to the various design approaches, as 
identified by the authors. 
Table 2-2: Direct end-users involvement in NPD, adapted from Sinclair and Campbell (2014) 
Types of design approach 
New Product Development (NPD) 
stages 
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Conventional Products No No No No 
Bespoke Products No Yes Yes No 
Customised Products No Yes Yes Yes 
User Centred Design Products No No No No 
Co-Design Products Yes Yes Yes No 
Mass-customisation Products No Yes Yes No 
Crowd-Sourced Products Yes Yes Yes No 
Opened Design Products Yes Yes Yes Yes 
Open Design Products No Yes Yes No 
Consumer-Design Products No Yes Yes Yes 
 End-user involvement in NPD 
stages 
Based on Table 2-2, the extent of end-users involvement is based on two factors. Firstly, the 
product development process may be divided into four distinct phases, which are definition, 
specification, design and manufacture (Sinclair, 2012). It is very likely that the more phases end-
users are able to influence, the higher their degree of overall involvement in the process of 
designing the product. For example, open source products represent a high degree of 
involvement because the end-users have the possibility to exercise influence in all four phases. 
In comparison, a product produced through a conventional NPD approach, offers end-users no 
possibility of influencing product development at any phase. Consequently, it represents a low 
degree of end-user involvement. Secondly, end-user involvement can be measured by the extent 
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to which their involvement in meeting their needs and opinions affects the actual form (or shape) 
of the product (Sinclair, 2012). In this case, design approaches such as Customised Products and 
Consumer Design Products enable end-users to influence even the manufacturing of their goods. 
Thus, they allows the creation of highly personalised products that are tailored to the unique 
requirements of the end-users.  
Following on from these assertions, the types of end-user involvement can be classified using 
two dimensions, i.e. the extent of end-users involvement and the degree of the designer's 
commitment to that involvement. Figure 2-5 shows the classification of the types of end-users 
involvement in industrial design.  
 
Figure 2-5: A classification of end-users involvement in industrial design, adapted from Sinclair 
(2012)  
The mapping in the Figure 2-5 shows various levels of end-user involvement as related to 
designer’s commitment to end-user involvement in design. In the context of this study, the key 
aspect that can be stated, based on the graphical classification shown, is that product 
personalisation is best achieved if end-users are given a higher degree of control, i.e. in the top 
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level of end-user involvement. Consumer-Design Products offers end-users to exercise control 
over the product form (Yavari et al., 2015). This requires them to operate as co-designers of their 
own personalised products (Abdul Kudus et al., 2016). The Consumer-Design Products enables 
end-users to freely manipulate some aspects of the product’s form or function, within the 
constraints necessary for its manufacture, without receiving the designer’s explicit consent 
(Sinclair and Campbell, 2014). 
In the Consumer-Design Products, part of the design activity is undertaken by a non-professional 
user without being influenced by a professional designer (Sinclair and Campbell, 2014). This 
requires them to be assisted by suitable easy-to-use design tools and/or system to support their 
bespoke design activity (Sinclair and Campbell, 2009). Under those circumstances, Sinclair 
(2012) gives a further breakdown into five types of freedom given to the consumer as the 
designer’s commitment to consumer design increases. Figure 2-6 shows the position of the five 
types of Consumer-Design, and Table 2-3 describes each of those approaches. 
 
Figure 2-6: Types of Consumer-Design Products, adapted from Sinclair (2012) 
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Table 2-3: Description on the types of Consumer-Design Products, adapted from Sinclair (2012) 
Types of 
Consumer-Design 
Products 
Descriptions 
Examples of the 
approach 
Appropriated 
Consumer Design 
(ACD) 
The owner of the product’s IP rights has not sanctioned 
the consumer-design. 
End-users are unable to purchase goods to satisfy their 
needs and are forced to reuse products in creative ways. 
Relies on skills of an expert amateur to craft a new 
product form. 
Designs might be sold or made freely available. 
The design would have none of the assurances usually 
afforded by a manufacturer, e.g. safety, functionality. 
Modifications of cars to 
create hot rods. 
Reuse of waste material to 
make jewellery products. 
Uploading a 3D CAD 
smartphone case online to 
allow someone with no 
modelling skills to 
download and 3D print it. 
Variational 
Consumer Design 
(VCD) 
End-users use a software algorithm to generate new 
design variations based on 3D CAD model. 
End-users are able to freeze the design at any point. 
Software applications limit the range of possible 
outcomes generated by the algorithm. 
Cell Cycle by Nervous 
System2 
Constrained 
Consumer Design 
(CCD) 
The use of systems or tools which simplify the design 
and manufacturing tasks whilst at the same time setting 
limits (e.g.: safety, functions, etc.) on what such tasks 
can achieve.  
Provide opportunity for freeform manipulation of a 
product’s shape. 
Allows control over the forms, materials, colours. 
Project Shapeshifter by 
Autodesk3 
Enabled Consumer 
Design (ECD) 
End-user is given permission to modify the CAD models 
of the design using any tools available to them. 
Given access by the owner of a product’s IP rights – 
subject to Creative Common License. 
Suitable for less skilled user to expert amateur designers. 
Offering no assurances of safety or functionality. 
Products within 
Shapeways4 manufacturing 
system. 
Free Consumer 
Design (FCD) 
End-user is given permission to modify the CAD models 
of the design using any tools available to them. 
Given access by the owner of a product’s IP rights – open 
license. 
Allows end-users to modify, improve or redesign the 
products. 
Products within 
Thingiverse5 manufacturing 
system. 
                                               
2 https://n-e-r-v-o-u-s.com/cellCycle/ 
3 http://shapeshifter.io 
4 https://www.shapeways.com/ 
5 https://www.thingiverse.com/ 
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Based on discussion above, it was apparent that Consumer-Design Product offers a possible way 
for end-users to involve in personalising consumer products. Also, it can be seen that Variational 
Consumer Design (VCD), Constrained Consumer Design (CCD), Enabled Consumer Design 
(ECD), and Free Consumer Design (FCD) is the most suitable approach to be applied in this 
research. 
2.6 Summary 
This part of the literature review has revealed the critical perspectives of product personalisation 
and its role in consumer product design. It can be concluded that product personalisation is an 
instrument that can be used to provide relevant products features to end-users.  Individuals may 
also use product personalisation to meet their psychological and sociological needs and to 
demonstrate their distinctiveness in various ways. However, an empirical method that identifies 
the types of benefits and values that end-users acquire when they possess and consume 
personalised designs still needs to be developed. This research needs to address exactly how 
personalised products can provide benefits and value to end-users. The types of current enabling 
technology that can be used to facilitate adding value through personalised consumer products 
also need to be identified. 
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CHAPTER 3  
ADDITIVE MANUFACTURING (AM) AND 3D PRINTING 
3.0 Introduction 
The previous chapter discussed various thoughts about the concept of product personalisation 
within consumer product design. With the increasing attention surrounding AM technology and 
3D printing, end-users have become aware of the capabilities and benefits of AM, notably its 
ability to support product personalisation through so-called ‘AM-enabled’ tools and systems. This 
interesting development makes AM a platform that allows lay users, who utilise 3D design 
software tools, to engage directly in the product design process through product personalisation 
activities (Reeves and Mendis, 2015). The purpose of this chapter is to review the state-of-the-art 
regarding AM technology and 3D printing so as to provide a general understanding of the role 
they can play in the realisation of product personalisation. This chapter presents a definition of 
and theoretical foundation for AM, current developments in AM systems, and end-users’ adoption 
of AM to support consumer design. 
3.1 Definition of AM and 3D Printing  
Additive Manufacturing (AM) is an umbrella term which covers a range of technologies that utilise 
layer manufacturing to fabricate items through the addition of material. They work by converting 
a 3D modeling data into a code containing instructions for the machine to build the object (Telfer 
et al., 2012). Referring to ISO/ASTM International standards (2016), AM is defined as the process 
of joining materials to make parts from 3D model data, usually in *.stl format, layer upon layer as 
opposed to subtractive and formative manufacturing technologies. Besides the term AM, the 
technologies are also widely known as additive fabrication, additive processes, additive 
techniques, additive layer manufacturing, layer manufacturing and freeform fabrication (Mellor et 
al., 2014). The term is often used interchangeably with 3D printing, in particular when associated 
with machines that fabricate objects through the deposition of a material using a print head, nozzle 
or other printing technique (ISO/ASTM International, 2016). In fact, the term 3D printing has 
become the de facto standard term and is more commonly used than AM. 3D printing is often 
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used in a non-technical context and has been associated with machines that are “low-end” in 
regard to price or overall capability (ISO/ASTM International, 2016).  
3.2 Overview of AM Technologies and Applications 
AM methods were first used to create visualisation models of products and was widely known as 
rapid prototyping. Such models are well-suited to presenting conceptual designs to clients, 
manufacturers and potential users. Over the past few decades, AM technology has gone through 
a transition from its initial purpose of simple model making towards part production as materials, 
accuracy and overall output quality have improved (Gibson et al., 2010). Products fabricated 
through AM do not require the use of fixtures, cutting tools, and other secondary resources; 
therefore “it allows design optimisation and the production of personalised parts on-demand” 
(Huang et al., 2013). AM systems use thin horizontal cross sections from 3D models created by 
computer-aided design (CAD) software, 3D scanning systems and medical scanners (Caffrey et 
al., 2016). For AM processing, the product’s fundamental properties are determined by both the 
feedstock material and the manner in which the layers are bonded together (ISO/ASTM 
International, 2016).  
AM offers increasingly unprecedented possibilities in shape complexity and custom geometry that 
make it possible for parts or products to have almost unlimited geometry complexity at minimal 
extra cost (Hague et al., 2003; Doubrovski et al., 2012). The uses of AM are widely spread and 
have benefited many sectors including industrial, medical, consumer products, aerospace and 
military. The most important capabilities of AM are producing intricate parts or products through 
part consolidation, a combination of multiple materials and component assemblies, and the 
elimination of tooling (Caffrey et al., 2016; Ford, 2014). In the consumer product market, AM has 
been used to produce a variety of products such as toys, novelty items, digital cameras, and 
mobile phones in various types of materials such as plastic, elastomer, metal, ceramics, glass, 
and composite materials (Caffrey et al., 2016). The unique capabilities of AM enable new 
opportunities for improvements in product performance, multi-functional components, and lower 
overall manufacturing costs (Rosen, 2014). The general capabilities of AM are listed in Table 3-
1. 
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Table 3-1: General capabilities of AM, adapted from Rosen (2014) 
AM unique capabilities Descriptions 
Shape complexity 
Possibility to build virtually any shape, customised 
geometries are readily achieved, variation of sizes and 
enabling of shape optimisation. 
Material complexity 
Enabling the manufacture of parts with complex material 
compositions and designed property gradients by 
processing the material layer by layer. 
Hierarchical complexity 
Multi-scaling of features and sub-features, e.g. 
geometric microstructure and mesostructure. 
Functional complexity 
Functional devices can be fabricated directly in some 
AM machines, by embedding components and kinematic 
joints during the build process. 
Since products are fabricated by adding material layer by layer until the product is completely 
printed, AM has fewer design restrictions and less manufacturing process considerations than 
traditional manufacturing techniques. AM enables products to be fully functionally optimised 
through bespoke design features such as weight reduction, tailored surface friction, and internal 
structures (Weller et al., 2015; Maidin, 2011). Apart from having the advantage of producing high 
complexity in product geometry and shapes, Lipson and Kurman (2013) list several additional 
benefits of AM technology, in comparison with traditional manufacturing processes. Table 3-2 
summarises their comparison between AM technology and traditional manufacturing, e.g. 
injection moulding or machining. 
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Table 3-2: Comparison between AM/3D printing technology and traditional manufacturing, 
adapted from Lipson and Kurman (2013) 
Characteristics AM technology Traditional manufacturing 
Manufacturing 
complexity 
Complexity costs are minimised. The more complicated the object, 
the more it costs to make. 
Shapes variety  Single 3D printers can fabricate a 
different shape at each time. 
Less versatile and can only make 
objects in a limited spectrum of 
shapes, dicated by tooling 
constraints. 
Parts assembly  3D printing can create interlocked 
parts. No assembly is required. 
The more parts a product contains, 
the longer it takes to assemble and 
the more expensive it becomes. 
Production lead time 3D printers can print on-demand when 
the object is needed, once the design 
has been completed. 
Zero lead time cannot be achieved 
since tooling required. 
Design space Infinite variety of forms and shapes. 
3D printers can fabricate virtually any 
shape. 
Limited repertoire of shapes. 
Capacity to form shapes is limited 
by the tools and moulds that are 
required. 
Manufacturing skill A 3D printer gets most of its guidance 
from the design. It requires less 
manufacturing engineering skills. 
Training for years is necessary to 
gain the skills needed to be an 
expert in tool design or CNC 
programming. 
Compact and portable 
manufacturing 
3D printers have more manufacturing 
capacity per volume of production 
space. Small physical footprint. 
Less manufacturing capacity per 
volume. Tools and storage 
requirements consume additional 
space. 
Waste by-product 3D printers that work in metal create 
less waste and operate in a ‘greener’ 
way. 
Machining metal is highly wasteful. 
Much of the original metal gets 
machined away. 
Blending of materials Capable of blending and mixing 
different raw materials into a single 
component. 
Traditional manufacturing 
machines cannot easily blend 
different raw materials, except for 
‘over moulding’. 
Physical replication The object stored in a digital file so 
that object can be replicated in an 
exact form. 
Tool wear affects the product 
geometry over time. 
According to Caffrey et al. (2016), the industrial and business machines sector is the leading 
market segment for AM applications at an estimated revenue share of 19.9%. Products included 
in this category are computers, document printers, CNC machines and robots. This is followed by 
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aerospace segment, at 16.6% and the consumer products and electronics market at 13.1%. The 
consumer products and electronics category covers a broad range of products including mobile 
phones, home electronics, kitchen appliances and toys. Since the product life cycle in this 
category is relatively short and the products are made in large volumes, AM technology helps to 
accelerate product development by enabling rapid design iteration and optimisation (Caffrey et 
al., 2016). Figure 3-1 shows the application of AM technology, for variousmarket segments. 
 
Figure 3-1: Sector application of AM technology, adapted from Caffrey et al. (2016) 
From the range of applications using industrial AM systems (see Figure 3-2), Caffrey et al. (2016) 
identified that organisations use AM technology to produce functional parts more than any other 
application. The data indicates that the percentage of the production of functional parts 
contributes 32.5% of total AM revenue. This shows that the production of functional parts has 
become the most popular AM application, particularly among industrial AM users. The widespread 
application of AM in the production of functional parts is most notable in the aerospace and 
automotive industries. For example, the fabrication of titanium airframe brackets by Airbus, which 
have been installed in their jetliner’s fuselage and engines (Metal Powder Report, 2017), and the 
Mercedes-Benz’s fabrication of 3D printed spare parts  for their range of older trucks (Daimler, 
2016). This application is followed by using AM to build prototypes for fit and assembly, which 
contributes 16.2% or revenues.  
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Figure 3-2: Range of applications using industrial AM systems, adapted from Caffrey et al. 
(2016) 
Market forecasts show that the AM industry is expected to continue its strong growth over the 
next few years. The sale of AM products and services is projected to reach approximately $8.8 
billion worldwide in 2017 (Caffrey et al. 2016). Caffrey et al. (2016) expect the AM industry to grow 
to about $26.5 billion by 2021. The sales forecast of AM products and services is shown in Figure 
3-3. 
 
Figure 3-3: Sales forecast of AM products and services, adapted from Caffrey et al. (2016) 
In the industrial design field, AM has made significant impact by improving product ergonomics, 
aesthetics and function. This can be achieved through the adoption of complex forms that create 
a user-fit requirement to suit individuals' ergonomic needs, by reducing overall part count by 
producing more complicated parts, and through the ability to provide specific design features that  
improve product’s aesthetic or functional value to the user (Campbell et al., 2012). Supported by 
AM-focused design tools, cheaper systems and more materials, AM has become a popular 
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method for designers and artists to create a visually impressive design (Gibson et al., 2010). For 
example, Bathsheba Grossman has taken advantage of AM’s geometric freedom by creating an 
intricate pendant lamp, called Quin.MGX (see Figure 3-4). The curves of this lamp are formed by 
sweeping triangular to pentagonal sections, which lead the eyes to dive along the paths of light 
on the lampshade (.MGX by Materialise, 2017).  
 
Figure 3-4: Quin.MGX lampshade produced using AM technology, adapted from .MGX by 
Materialise (2017) 
AM also has been used to manufacture custom-fitting medical devices such as facial prosthetics, 
removable partial denture frameworks, surgical guides and implants, directly from 3D CAD data 
(see Figure 3-5 as an example). AM also being exploited in tissue engineering where layer 
additive manufacture are being utilised to fabricate highly complex porous scaffolds that can 
incorporated with cells (Bibb et al., 2011). In scaffold fabrication techniques, AM helps engineers 
to create parts with highly reproducible architecture and compositional variation through the 
computer modelling data (Santos et al., 2013). A typical AM process for biomedical constructs 
involves several phases, which are: imaging/characterisation, design, material selection, and 
fabrication. The imaging stage utilises tools like Micro Computed Tomography (µCT) and 
Magnetic Resonance Imaging (MRI). These allow customised implant production to fit the target 
defect and hence increase the chances of surgical success (Santos et al., 2013; Li et al., 2016). 
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Figure 3-5: 3D printed cranial implant using titanium alloy material, adapted from 3Ders.org 
(2015) 
The most important aspect of AM is that the technology enables direct digital manufacturing from 
3D computer-aided design (CAD) models without the need for moulds (Gibson et al., 2010). In 
this way, only a product's digital 3D model is needed to fabricate the design, and a wide variety 
of products can be made in any given sequence (Weller et al., 2015).  AM can facilitate product 
innovation and helps to better exploit market environments that are characterised by demand for 
mass customisation, manufacturing flexibility, and design complexity (Weller et al., 2015; Li et al., 
2016). Continuing along this trend, AM allows for product individualisation to be realised (Weller 
et al., 2015; Campbell et al., 2012) e.g. the personalisation of in-the-ear hearing aids. By focusing 
on this market segment, organisations have the opportunity to offer products that can match a 
customer’s preferences more closely. This could potentially increase the user’s perceived product 
value and will lead to a willingness to pay more for 3D printed products (Weller et al., 2015).   
Through mass-customisation and personalisation (MC&P), AM enables end-users to become co-
designers, so that they can design products that fit their requirements (Weller et al., 2015). End-
users can create individualised designs by manipulating design parameters using 3D product 
configurators or easy-to-use CAD software. Under these circumstances, end-users could develop 
their own design as a 3D model and then fabricate it using a suitable AM system. AM’s ability to 
produce designs with less investment in manufacturing setup, tooling and machine changeover 
has resulted in faster and sometimes cheaper product development (Michalik et al., 2015). 
Although AM provides great advantage to design and product development, researchers have 
argued that AM technology still has several restrictions that limit its application (Lott et al., 2011; 
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Petrovic et al., 2011; Berman, 2012). Weller et al. (2015) have listed the general limitations of AM 
application: 
i. Available materials, choice of colour and surface finish of the models are still 
constrained.  
ii. The build space of AM machines sets a physical limit to product dimensions. 
iii. Parts may lack resistance to environmental influences and fail upon exposure to high 
stresses.  
iv. The quality of the produced parts still needs improvement. The reproducibility of parts 
cannot be assured until global quality and testing standards are developed and 
adhered to. 
However, continuous research is being carried out by researchers to reduce the fundamental 
weaknesses in regard to the applicability of this technology. Hence, there is still room for 
improvements in products and process design aspects that remain to be explored. Weller et al. 
(2015) also list the major opportunities and limitations of AM from technological and economic 
perspectives, as shown in Table 3-3 and Table 3-4 respectively. 
Table 3-3: AM technology’s opportunities and limitations from a technological perspective, 
adapted from Weller et al. (2015) 
Opportunities Limitations  
• Direct digital manufacturing of 3D product 
designs without the need for tools or moulds. 
 
• Change of product designs without cost 
penalty in manufacturing. 
 
• The increase of design complexity (e.g. 
lightweight designs or integrated cooling 
chambers) with little cost penalty in 
manufacturing. 
 
• High manufacturing flexibility: objects can be 
produced in any random order without cost 
penalty. 
 
• Production of functionally integrated designs 
in one-step. 
 
• Less scrap and fewer raw materials are 
required, particularly for metal AM. 
• Solution space limited to ‘printable’ 
materials and by the size of build space. 
 
• Quality issues of produced parts: limited 
reproducibility of parts, less resistance to 
environmental influences. 
 
• Significant efforts are still needed for 
surface finishing. 
 
• Lack of design tools and guidelines to 
fully exploit possibilities of AM. 
 
• Low production throughput speed. 
 
• Skilled labour and specialised experience 
are needed. 
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Table 3-4: AM technology’s opportunities and limitations from  economic perspective, adapted 
from Weller et al. (2015) 
Opportunities Limitations  
• Acceleration and simplification of product 
innovation: iterations are not costly, and end 
products are rapidly available. 
 
• Price premiums can be achieved through 
customisation, personalisation or functional 
improvement (e.g. light weighting) of 
products. 
 
• Customer co-design of products without 
incurring cost penalty in manufacturing. 
 
• Reduction of assembly work with the one-step 
production of functional products. 
 
• Local production enabled. 
• High marginal cost of production (raw 
material costs and energy intensity). 
 
• Few economies of scale. 
 
• Missing quality standards. 
 
• Product offering limited to 
technological feasibility (solution 
space, reproducibility, quality, speed). 
 
• Intellectual property rights and 
warranty related limitations. 
 
• Training efforts required. 
 
Although AM offers tangible product and process benefits compared to traditional manufacturing 
systems, it is not a universal panacea that will replace today’s conventional methods as there 
remain significant challenges to address (Li et al., 2016). Several researchers have recognised 
that a current barrier to the adoption of AM are the shortage of AM knowledge and practical 
experience among designers, which has contributed to the limitations for efficiently using the 
possibilities of this technology (Doubrovski et al., 2012).  
It is argued that the lack of AM knowledge has been linked to how designers perceive the 
technology. Changing the way that designers think about AM is a challenge because the 
perception held by many designers is that AM is still only suitable for rapid prototyping and not fit 
for direct product manufacture (Despeisse and Ford, 2015). Additionally, the lack of methods and 
tools that enable designers to benefit from this technology has become part of the fundamental 
challenge in fully realising the technological opportunities of AM (Kumke et al., 2016). Although 
studies are still ongoing to fill this gap (see Rosen, 2014; Rias et al., 2016; Boyard et al., 2014; 
Maidin et al., 2012), the question remains as to whether industrial designers really understand 
the potential design characteristics that can add value to a product; particularly when the product 
is being personalised by end-users using AM-enabled tools and systems. 
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3.3 The Generic AM Process and Major AM Technologies 
AM requires a number of generic steps to form a physical part from 3D CAD modelling data. 
Different design shapes and materials will be suited to different AM systems. There are eight 
essential steps in the making of parts or products using AM systems (Gibson et al. 2010). The 
generic process can be described in the steps below: 
i. Create a 3D CAD solid or surface modelling representation of a part or product. 
ii. Convert the 3D CAD file to Standard Triangulated Language (STL) format and transfer to 
the AM machine’s computer. 
iii. Manipulate part orientation, size and position, and then slice the part to create cross-
sections. 
iv. Set up the AM machine with appropriate build parameters. 
v. AM machine automatically constructs the part. 
vi. Remove the part, after ensuring operating temperatures are sufficiently low. 
vii. Post process the part by cleaning, removal of support structures, and surface finishing. 
viii. Part is ready to be used. 
 
 
 
 
 
 
 
 
 
Figure 3-6: Generic AM Process, adapted from Gibson et al. (2010) 
In general, there are seven main categories of AM technologies that have been defined by the 
ASTM International F42 committee. These are powder bed fusion, directed energy deposition, 
3D CAD STL convert
File transfer to 
machine
Machine setup Part construction
Part removal from 
machine
Post-processing Application
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material jetting, binder jetting, material extrusion, vat photo-polymerisation, and sheet lamination. 
Although these categories have different process, but they all work through adding material layer-
by-layer and are driven directly from a CAD file with no requirement for tooling. Table 3-5 gives 
brief descriptions of the seven technologies.  
Table 3-5: Categories of AM technologies and their definitions, adapted from Li et al. (2016) and 
ISO/ASTM International (2016) 
Categories of AM 
technology 
Definitions  
Powder bed fusion Process uses thermal energy from a laser or electron beam to 
selectively fuse material in the form of a powder bed. 
Directed energy 
deposition 
Process uses focused thermal energy, usually a laser, to fuse 
materials by melting them as they are deposited. 
Material jetting A process in which droplets of build material are selectively 
deposited onto a build area through a moving inkjet-print head. 
Binder jetting A process using a liquid bonding agent deposited through an inkjet-
print head to selectively join together powder bed material. 
Material extrusion A process where the material is dispensed through a nozzle onto a 
platform with relative movement in x, y, and z. 
Vat photo-
polymerisation 
A process where liquid photopolymer in a vat is selectively cured 
using light.  
Sheet lamination The process uses sheets of material bonded and cut to form a 3D 
object. 
AM is one of the cutting-edge emerging technologies in digital fabrication and manufacturing, 
along with other elements such as robotics, automation, and the internet of things (IoT) (Pandolfo, 
2016). Initially being invented for rapid prototyping (RP), the technologies have gradually 
advanced towards producing final product manufacture and enabling the transition from mass 
production to needs-oriented manufacturing (Ko et al., 2015). In addition, AM has also been 
considered as an enabling technology for product personalisation, in response to user demands 
to fabricate personalised design features in a product (Tseng et al., 2013). These diversifications 
of AM usage have been facilitated by improvements in materials availability, build resolution, 
fabrication process control, and structural integrity, all required to cope with the fast-growing 
application of AM to manufacture parts for end-use products (Pandolfo, 2016). 
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A range of materials are available for use with the various technologies. The simplest way to 
classify these materials is based on the physical state of the raw material, i.e. solid-, liquid-, or 
powder-based feedstock (Gebler et al., 2014; Peltola et al., 2008). Examples of solid-based 
materials that can be used in AM are polymers including polycarbonate (PC), polyesters, and 
polyamide (nylon). Acrylonitrile-butadiene-styrene (ABS) and poly-lactic acid (PLA) are the most 
commonly used polymers for material extrusion due to their strength, thermal stability, 
machinability and lower printing temperatures (Ken Giang, 2017). Examples of liquid-based 
materials used in AM include acrylates, epoxy resins, and UV curable silicones. Vat-
polymerisation and material jetting are the most common AM processes that use liquids (Bleys, 
2016). For powders, the most common commercially used materials are metal powders such as 
stainless steel, titanium, and nickel-based super alloys (Bourell et al., 2017), together with 
polymers such as polyamide and polystyrene. In addition, ceramics and composites are also used 
in powdered form (Bleys, 2016).  
Each AM technology has its own processing capabilities, advantages, and limitations. This is 
including available materials, build volume, processing speed, part quality and the amount of post-
processing required to improve the build quality (Conner et al., 2014). Designers have to take 
note that some design requires support structure to prevents part from warping due to the thermal 
stress (Petrovic et al., 2011). Some AM processes can create products in full-colour variation (see 
Figure 3-7). This process can be performed by adding colours to the raw material feedstock for 
different components, or, less commonly, by inducing a colour change in a single feedstock by in-
process activation of pigments (Thompson et al., 2016).  
 
Figure 3-7: AM product in full-colour variation, adapted from (Stratasys 2017) 
Polymers are the most widely used AM material because they offer greater market penetration, 
better user accessibility and relative ease of manufacturing (Forster, 2015; Li et al., 2016; 
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Cassaignau et al., 2017). While metals are currently driven by high-end industrial applications in 
the aerospace, medical and automotive sectors, other materials such as ceramics and 
composites are limited due to the lack of industry demand (Li et al., 2016). Table 3-6 shows a 
summary of current AM technologies against the materials that can be utilised.  
Table 3-6: Summary of broad AM technologies, adapted from (Thompson et al., 2016) 
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Photopolymers 
Epoxies and 
acrylates 
       
Thermoplastic 
polymers 
Polyamide, ABS, 
PLA 
       
Metals 
Steel, titanium 
alloy, cobalt 
chromium 
       
Industrial 
ceramics 
Alumina, 
zirconia, silicon 
nitride 
       
Structural 
ceramic 
Cement, foundry 
sand 
       
Wood 
Paper, wood 
fibres 
       
Composite 
Fiber-reinforced 
poly-lactid acid 
(PLA) 
       
Having reviewed all the categories of AM technologies and associated materials, this study will 
now focus on only two categories, namely material extrusion and powder bed fusion. These 
technologies are considered as the AM technologies most commonly used to manufacture 
personalised consumer products. While for materials, this study will focus on polymers such as 
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ABS, PLA, and polyamide due to its suitability for user accessibility, ease of manufacturing, and 
ability to provide functional and aesthetic features in personalised 3D-printed products. 
3.3.1 Material Extrusion 
Material extrusion is an AM process where a material is dispensed through a nozzle or orifice 
onto a platform that moves relative to the nozzle, in X, Y and Z (ISO/ASTM International 2016). 
Many material extrusion systems are inexpensive and have gained popularity among the DIY 
community where they are known as desktop 3D printers, often used with ABS, PLA and PC 
thermoplastic materials (Gardan, 2016; Gao et al., 2015). Material extrusion processes have been 
widely used to build concept models during the early stages of product development (Aliakbari, 
2012). The main advantages of material extrusion are: (a) fabricating parts at low cost, (b) the 
use of water to dissolve support structures, and (c) the possibility of coating the surface to improve 
its quality (Petrovic et al., 2011).  
Material extrusion processes also have drawbacks related to accuracy, surface finish, strength in 
the z direction, and material density (Sood et al. 2010; Gibson et al. 2010). The first 
commercialised AM system that used material extrusion process was Fused Deposition 
Modeling (FDM), developed and produced by Stratasys Ltd. (Caffrey et al., 2016). Figure 3-8 
shows a diagrammatic illustration of the material extrusion process. 
 
 
Figure 3-8: Material extrusion, adapted from Additively (2017a) 
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3.3.2 Powder Bed Fusion 
In a typical powder bed fusion process, a moving laser beam scans and melts powder particles 
on a build platform, which, after being solidified by cooling, are joined together to form a layer of 
the part (Gebhardt, 2011). The powder bed is then lowered by one layer thickness to allow a new 
layer of powder to be deposited and fused on top of the previous layer (Gardan 2016). The 
process is repeated until the part is completed in accordance with the CAD model. Figure 3-9 
shows a diagrammatic illustration of the powder bed fusion process. 
Powder bed fusion is an AM process where thermal energy, such as a laser or electron beam, is 
used to produce objects from powdered materials by selectively fusing or melting the particles on 
the surface of a powder bed, layer by layer, in an enclosed chamber (ISO/ASTM International, 
2016). Terms that are commercially used for powder bed fusion processes and systems include 
laser sintering, selective laser sintering, selective laser melting, direct metal laser sintering, and 
electron beam melting (Additive Manufacturing Research Group, 2017). The main advantages of 
powder bed fusion are: (a) consistent mechanical properties of materials, (b) a wide range of 
metal and polymer materials, and (c) a higher rate of fabrication, and (d) the avoidance of support 
structures (for polymer parts); while the disadvantages of the process include granular surface 
finish, possible warping of the part due to high-temperature gradients, and dimensional tolerances 
are not easy to control (Petrovic et al., 2011).  
 
 
Figure 3-9: Powder bed fusion process, adapted from Additively (2017b) 
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3.4 Product Personalisation and End-users Adoption of AM  
AM has received much attention and has increasingly gained acceptance from both professional 
and non-professional users due to its advancement towards manufacturing beyond prototyping 
(Gebler et al., 2014). This movement has paved the way for 'do-it-yourself' designers (Atakan et 
al., 2014; Mota, 2011), and, subsequently, has created new ways to design and manufacture 
products through personal 3D printers and online communities. The emergence of such 
technology presents a new opportunity for product realisation; the personalisation of products 
tailored to individual preferences (Hu, 2013). Under these circumstances, the growth of product 
personalisation will increase the use of AM for production of end-use components.  
Through customer-centric personalised production, AM allows end-users to produce a series of 
simple product components for their own use (Bogers et al., 2016). In addition, AM technology 
enables conventional manufacturers to create new niche markets by creating many different 
versions of products aimed at different target users through facilitating product personalisation 
(Campbell et al., 2013). It is able to replace long production runs of mass produced parts with 
batch production, where the batch size can be as small as one (Maidin, 2011; Campbell et al., 
2013; Koren, 2010). In this way, AM can contribute towards product differentiation and new 
market creation (Wang, 2012; Kwon and Kim, 2012; Fan and Poole, 2006; Tseng et al., 2010).  
Shewbridge et al. (2014) suggest that the adoption of fabrication tools such as 3D printers and 
easy-to-use design toolkits may lower the barriers for transforming an idea into a physical 
representation. Recent development has seen a significant number of companies beginning to 
market entry-level 3D printers sold at affordable prices (Pei et al., 2011). These machines have 
been priced so that they can be purchased by individuals and are capable of producing objects 
from a range of plastics. A personal 3D printer can produce relatively complex objects with 
minimal user intervention, making it possible for users to build physical objects at home 
(Shewbridge et al., 2014). This new category of AM system has been defined as personal 3D 
printers with a selling price of less than $5000 (Wohlers and Caffrey, 2013). These low-cost 
printers are more suitable and affordable for early technology adopters and ‘make-it-yourself' 
beginners. By using such printers, personalised designs can be fabricated in a short time and this 
make it economical to create highly unique products that meet the growing need for 
personalisation (Koff and Gustafson, 2012).  
44 
 
Instead of owning a personal 3D printer, individuals may also turn to service bureaus or online 
retailers such as 3DHubs (www.3dhubs.com), i.materialise (i.materialise.com) and Shapeways 
(www.shapeways.com) that enable them to purchase 3D printed items and receive them by postal 
delivery. Others such as MakerBot’s Thingiverse (www.thingiverse.com) provide free web hosting 
for making and sharing 3D printable objects with online 3D printing communities. These service 
bureaus and online retailers offer a wide variety of product categories such as high-tech 
components (e.g. cases, drone parts, etc.), jewellery (e.g. earrings, pendants, etc.) and household 
goods (e.g. dining implements, lighting, etc.). Figure 3-10 shows some examples of personalised 
products produced using 3D printing. 
   
Figure 3-10: Examples of 3D printed personalised products: robotic hand, camera holder and 
candlelight case, adapted from Shapeways (2016) 
The personal 3D printer segment is relatively a new category which was spawned by the RepRap 
open-sourced project at Bath University, UK (Wohlers and Caffrey, 2013; Jones et al., 2011; 
Stemp-Morlock, 2010; Betts, 2010). Low price desktop 3D printers sold to end-users in the market 
include Ultimaker, Prusa, Hictop, Zortrax, and FlashForge (3D Hubs, 2017). Figure 3-11 shows 
the earliest model from RepRap. 
 
Figure 3-11: The classic RepRap Mendel 3D printer, adapted from Neil Mohr (2013) 
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A survey by Moilanen and Vadén (2013) found that 45.6% of 3D printing users were from non-
professional backgrounds or early technology adopters who did not have a formal design 
education, and considered themselves as 'end-users' when using 3D printing; while the other 
users comprised developers and professionals with 41% and 13.4% respectively. It was apparent 
that the majority of users in the online community could be categorised as non-expert users. 
Based on the trends surveyed by Moilanen (2013) and Moilanen and Vadén (2013), the number 
of people wanting to get involve in 3D printing technology is growing. They also found that the 
number of 'beginners' who are eager to innovate greatly overshadowed the 'old timers' (Moilanen, 
2013). 
Regarding the motivation for end-users personalising their own products using AM, some 
evidence shows the key reason to be that end-users were interested in using AM technology at 
home (Shewbridge et al., 2014). In contrast, Moilanen (2013) found that the motivation for end-
users to participate in the 3D printing of objects was because it is a fun and pleasurable activity, 
and also a way to express themselves through the product they produced. Furthermore, the study 
by Moilanen revealed that end-users used 3D printing to produce decorative items, functional 
models, spare parts for devices, end-use products, and for educational purposes. End-users also 
were motivated by the ‘do-it-yourself’ (DIY) movement to replicate existing items, create custom 
objects, repair broken parts, and to make household objects (Shewbridge et al., 2014; Mota, 
2011). Figure 3-12 shows a comparison of the most common types of part produced by end-users 
using 3D printing in 2012 and 2013. 
 
Figure 3-12: Comparison of most common part-types produced by end-users using 3D printing 
in 2012 and 2013, adapted from Moilanen (2013) 
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However, in the matter of realising a design idea, individuals may experience difficulty because 
they lack the skills to design and fabricate their personalised design (Shewbridge et al., 2014). 
Moreover, it is hard for non-expert users to quickly design and print something, as it requires 
some degree of learning 3D design skills. It is necessary for end-users to learn how to use 
sophisticated design tool, material and fabrication process, and make necessary investment on 
printing machine (Mcgrath and Craig, 2012). Researchers suggests that “manufacturer creates a 
user-friendly virtual environment in which consumers can easily sculpt virtual objects, the 
manufacturer could make sure that these virtual objects are produced as real 3D objects” (Mugge 
et al., 2009b). 3D printing machines and design software should be simple, have easy-to-use 
functions and user interfaces, and enable non-expert users to control the digital design process 
(Mcgrath and Craig, 2012; Landay, 2009). This gap in technology has open a new opportunity for 
new research on computer-aided consumer design for product personalisation through AM 
technology (Ariadi et al., 2012).  
Supported by AM-enabled design tools, end-users can readily design and manufacture their 
personalised products using suitable AM systems, such as personal desktop 3D printers. 
Additionally, by using AM-enabled design tools, end-users can ‘play’ and create complex patterns 
and shapes (Yavari et al., 2015). Existing free design toolkits such as 123D Design 
(www.123dapp.com/design), Tinkercad (www.tinkercad.com), CellCycle (n-e-r-v-o-u-
s.com/cellCycle) and Project Shapeshifter (shapeshifter.io) offer easy-to-use design interfaces for 
non-expert users to produce their personalised designs with AM. Table 3-7 shows some of the 
examples of existing AM-enabled easy-to-use design toolkits currently available in the market (for 
a full list, see Appendix 1). 
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Table 3-7: Examples of existing AM-enabled easy-to-use design toolkits  
 Manufacturer Toolkits Product types Platform 
1 
Nervous 
System 
Cell Cycle 
Ring, bangle, cuff, 
sculpture 
Web-based 
Kinematics Necklace 
Kinematics@ 
Home 
Bracelet 
Radiolaria 
Earrings, bracelet, trivet, 
art object 
Dendrite Brooch 
2 Autodesk 
Project 
Shapeshifter 
Vase, bowl, ring, bracelet, 
plate, candlestick, 
seashell, pendant, knot, 
sculpture, duo vase, 
snake 
Web-based 
123 Design Geometric items 
Hardware-
based 
Tinkercad Geometric items Web-based 
Meshmixer Artistic items 
Hardware-
based 
3 Elementalweb Ownphones 
Wireless 
earbuds/earphone 
Web-based 
4 Wizegem Wizegem 
Rings, pendants, earrings, 
bracelets, cufflinks 
Web-based 
End-user adoption of product personalisation using AM can be explained in several steps. 
According to Koren (2010), the design process for personalised products can be divided into two 
major phases. The first phase is where the product is developed by the manufacturer, and the 
second phase involves the end-user’s participation in the personalisation design process. Figure 
3-13 shows the design process for product personalisation using AM. 
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Figure 3-13: The design process for product personalisation through the use of AM, adapted 
and adjusted from Koren (2010) 
Based on Figure 3-13, the first phase of the design process is the development of modules and 
the general architecture of the product, which specifies how the modules will be connected, 
interfaced and integrated with each other. In this phase, Koren (2010) states that designers or 
manufacturers need to take into consideration three major elements when they start to develop a 
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product. The elements are (1) mechanical (e.g. structural supports, geometric features, 
components, etc.), (2) power (e.g. electric, electronic, etc.) and (3) information (e.g. controls, 
sensors, etc.). These elements must be considered to ensure that the essential functions of 
products (e.g. performance, safety, reliability, etc.) can be met according to the product’s 
requirements. Koren further suggests that modular product design methodology could be used 
as a platform for manufacturing personalised designs. Instead of a product being physically 
produced, manufacturers could make a 3D digital CAD file available to end-users. After the sale 
of the product in the form of 3D CAD file occurs, end-users will begin their involvement in the 
design process. 
The second phase of the design process is a personalised design phase, where end-users 
participate in the design process by completing a product’s individual elements and finalising the 
design using an AM-enabled design toolkit. In this phase, end-users are allowed to change and 
manipulate certain physical design features of the 3D CAD file using design toolkits. They can 
alter shapes, sizes, textures, patterns or add particular design features; either to enhance the 
product’s functionality or appearance. However, the essential performance of the product (defined 
in phase one) will be protected. After the design has been finalised, end-users can convert the 
3D CAD file to the STL format and transfer it to an AM machine. End-users need to setup an AM 
machine with appropriate settings before it can construct the part. Alternatively, they could send 
the file to a bureau service for printing. 
3.5 Summary 
The demand for product personalisation is expected to grow in coming years. Reeves et al. (2014) 
have stated that AM is important for design firms, manufacturers and consumers because one of 
the core drivers for AM is to increase geometric freedom, and this approach could offer added 
value to personalised products fabricated through AM technology. Hu (2013) stated that with the 
emergence of responsive and flexible manufacturing systems such as AM, in addition to the 
existence of AM-enabled supporting tools, there would be an opportunity for product 
personalisation to become a new paradigm for product realisation. However, in order to allow 
end-users to enjoy the benefits and take advantage of the advancement of AM, they need to have 
a deep understanding about the value they can acquire from personalising products through AM. 
Also, designers could facilitate ways for end-users to personalise the products according to the 
features they want, thus enabling them to actively participate in personalisation process.  
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CHAPTER 4  
CONSUMER VALUE IN PERSONALISED PRODUCT DESIGN 
4.0 Introduction 
The previous chapter presented the literature review on AM and its relationship with product 
personalisation. This chapter intends to illustrate the relationship between personalised product 
design and consumer perceived value in the context of the consumer product market. The chapter 
begins with the general framework of value from the product personalisation viewpoint, this is 
followed by a discussion of the conceptual foundation of consumer value and, finally, a discussion 
of end-users’ perceptions of product benefits. 
4.1 General Framework of Value for Product Personalisation through AM 
Before examination of the value of product personalisation, it is necessary to first understand the 
general framework of the value of AM-enabled product personalisation. Through integration and 
extension of previous conceptual foundations, a conceptual framework can be built based on the 
strengths of previous frameworks, mitigating their fundamental weaknesses by considering the 
scope of this study. The intention is to develop a comprehensive framework applicable to both 
the end-user and the designer. To date, there are no clear answers as to what attributes end-
users seek in designing their products through AM-enabled product personalisation. The 
conceptual framework must offer a systematic view and provide insight into the key value drivers 
of product personalisation. Value optimisation is driven by implementing product personalisation 
for the original product, facilitated by current enabling technology, to satisfy end-users’ 
preferences. Figure 4-1 shows the value framework for product personalisation through AM, as 
applied in this study. 
 
 
 
51 
 
Value Optimisation 
 
 
Driver 
 
 
Enabling Technology 
 
Figure 4-1: Value framework for product personalisation through AM 
Based on Figure 4-1, the lowest level of the framework is enabling technology, which includes the 
necessary services and tools to support end-users in adopting the product personalisation 
process. To realise product personalisation, the business provider should provide an affordable 
AM system with sufficient support to end-users. One example of such a system is personal 3D-
printers that enable small quantities of personalised products to be produced at relatively low 
costs. End-users can be supported by easy-to-use design toolkits and affordable raw materials. 
In addition, end-users could benefit from the 3D printing community, which provides 3D printing 
services online. 
The mid-level of the framework is the driver, where product personalisation activities by the end-
users occur. Product personalisation is driven by the motivation to produce the desired effect and 
is possible only if the end-users are motivated by suitable drivers (Oulasvirta and Blom, 2007). 
Hence, end-users may exploit enabling technology at the lower level to facilitate product 
personalisation. This level may include processes that require end-users to participate in the 
personalisation of the product. There are numerous ways for end-users to participate in the design 
process, including by using AM-enabled design tools and mechanisms.  
Material Support Additive Manufacturing  Design Toolkit 
Original Product Personalised Product 
Product 
personalisation 
End User Designer Key Value Components 
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The top level of the framework is value optimisation, which illustrates the need for a value 
taxonomy of product personalisation. The taxonomy should adopt a strategic orientation that 
focuses on identifying the categories of value components perceived by end-users. Value analysis 
has been developed to measure the value of the personalised product to end-users and 
designers. The proposed value taxonomy of product personalisation is an operational measure 
designed to analyse the value directly from the end-users, as the values are best measured 
directly by the end-users themselves (Merle et al., 2010). The taxonomy will be used in this study 
to help determine the best way to achieve a highly valued personalised product produced through 
AM. 
4.2 Perspective of Consumer Value  
‘Value' is one of the most widely and frequently used words in various disciplines to describe the 
worth or usefulness of something that a person desires to have. The concept of value varies 
among different disciplines (den Ouden, 2012; Lai, 1995; Boztepe, 2007; Sheth et al., 1991; 
Kumar and Noble, 2010; Ohta and Kasamatsu, 2014; Lee et al., 2014; Schwartz, 1996). It is 
acknowledged that the specific meaning of value is still not clear, and it is not possible to define 
the meaning of ‘value’ in universal terms. It is also difficult to accurately measure how a particular 
user assesses the value of a product because the criteria for assessing value may change over 
time (Smith and Colgate, 2007; Parasuraman, 1997). The most likely cause of these differences 
is the fundamental immeasurability of values related to the complexity of the value concept 
(Murphy, 2011). Despite the wide range of theoretical and empirical work related to ‘value’, a 
comprehensive understanding of the meaning of value is still necessary. This is done by 
consolidating known concepts of value to provide a paradigm for better understanding, particularly 
related to the context of this study. 
The concept of consumer value has been introduced as a notion of exchange between 
expectations, experience, and costs (Perrea et al., 2015). Generally, ‘customer value’ means 
something different than ‘consumer value’. These meanings, therefore, need to be interpreted 
with careful thought. ‘Customer value’ focuses on the buyers' evaluation of a product purchase at 
the time of purchase, whereas ‘consumer value’ emphasises the end-user’s  valuation of the 
consumption of products (Lai, 1995). The author prefers to use consumer value because the latter 
is more comprehensive and relevant to the context of this study. Consumer value has been 
defined as an “interactive relativistic preference experience” (Holbrook, 1996). Consumer value 
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involves an “interaction between the end-user and a product” (Holbrook, 1996). For the term 
‘value’, although Franke and Schreier (2010) conceptualised it as the “maximum price end-users 
are willing to pay for a product”, the author preferred to adopt the simpler definition, which is what 
end-users obtain (e.g. benefits, quality, worth, utility) from the consumption or possession of a 
product versus what they pay (e.g. price, costs, sacrifices), resulting in an attitude toward the 
product (Smith and Colgate, 2007).  
From a more holistic value perspective, den Ouden (2012) suggests in his value framework that 
an innovation is considered valuable for users if product designers integrate value concepts based 
on three classifications, namely economic, psychological and sociological value. From the 
economic point of view, the economic value of a product can be described as ‘value for money’, 
in which the user will make great effort to achieve the maximum use value for his or her money 
for a particular product that he or she possesses (den Ouden, 2012). From the perspective of 
psychological value, the value can be seen as a “desirable trans-situational goal, serving as a 
guiding principle in people’s lives” (den Ouden, 2012). den Ouden (2012) described psychology 
as “mainly concerned with the individual’s mental activity and behaviour”, where “‘happiness’ is 
the most inclusive merit to measure an individual’s psychological well-being”. The most widely 
used model related to psychological value is human value, as defined by Rokeach (1979), which 
has been used as an inspiration for designers to create meaningful, innovative ideas to produce 
value through innovative consumer products (den Ouden, 2012). The list of human values is 
shown in Table 4-1. 
Table 4-1: Human values as defined by Rokeach (1979), adapted from den Ouden (2012) 
A comfortable life – a prosperous life. 
An exciting life – a stimulating, active life. 
A sense of accomplishment – lasting 
contribution. 
A world of beauty - the beauty of nature and the 
arts. 
Equality – brotherhood, equal opportunity for 
all. 
Inner harmony – freedom from internal conflict. 
Self-respect – self-esteem. 
Pleasure – enjoyable, leisure life. 
Social recognition – respect, admiration. 
Family security – independence, free choice. 
Happiness – contentedness. 
Another type of value related to the psychological aspect is motivational value. Motivational value, 
in the psychological perspective, is derived from different types of human values for which people 
strive, and these values influence the behaviour of end-users (den Ouden, 2012). Schwartz 
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(2013) carried out an extensive study by setting up different types of motivational value. The type 
of motivational goal that end-users express can distinguish values through the central goal of 
achieving specific kinds of value. Table 4-2 shows the different types of motivational values based 
on the central goal of each value and the specific values that primarily represent the central goal. 
Table 4-2: Motivational types of value, adapted from Schwartz (2013) 
Central goal Specific values 
Power Social status and prestige. 
Achievement Personal success through demonstrating competence. 
Hedonism Pleasure, the self-indulgent and sensuous gratification of oneself. 
Stimulation Excitement, novelty and challenge in life. 
Self-direction Independent, action-choosing, creating, exploring, creativity, choosing own 
goals. 
Universalism Understanding, appreciation, a world of beauty. 
Benevolence Preservation and enhancement of the welfare of people with whom one is 
in frequent personal contact. 
Tradition Respect, commitment and acceptance of culture and ideas that traditional 
culture provides. 
Conformity Restraint of actions, inclinations and impulses likely to upset others and 
violate social expectations or norms. 
Security Safety, harmony and stability. 
From the perspective of sociological value, sociologists often relate social values as mechanisms 
of ‘solidarity of identity’ that focus on specific groups of people (den Ouden, 2012). Boztepe (2007) 
asserted that sociological value includes taking into account the symbolic meanings that are 
attributed to goods. Symbolic value refers to self-representation that enhances personal meaning 
to obtain positive social recognition that reinforce self-identities (Lee et al., 2014). Users 
sometimes have a tendency to invest in objects with meanings even though the meanings of 
those objects have no relationship at all to product utility. Symbolic value enables end-users to 
evoke their positive emotions, express who they are, and construct an ideal image by developing 
an attachment to their possessions if those possessions reflect their self-image benefits (Lee et 
al., 2014).  
The history of a product and its uniqueness is most important in the perception of sociological 
value. Emotional responses also cause sentiment, particularly when someone conveys a 
connection with an emotion that involves relationships with an object that they experience as 
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valuable (Fletcher, 2009). Something is sentimentally valuable when sentiments generate the 
value of the object and prompt feelings associated with events that someone considers important, 
such as historical value or a rare product (Fletcher, 2009; den Ouden, 2012). For example, the 
use of personalised design could contribute high sentimental value to end-users, who, through 
product personalisation, can use their past experience as a strategy to personalise particular 
design features to capture sentimental value  in the design (Tseng and Ho, 2012).  
Table 4-3 provides a summary of the relevant typologies of consumer value with a holistic 
perspective to describe the meaning of value in the context of this study. 
Table 4-3: Typologies of consumer value from the literature, adapted and adjusted from den 
Ouden (2012) 
Classification Value dimensions Authors 
Economic Value 
Use Value 
Functional Value 
Utilitarian Value 
Exchange Value 
den Ouden (2012); Boztepe (2007); 
Chougule (2012); Bosch-Mauchand et 
al. (2012); Sheth et al. (1991); Smith 
and Colgate (2007); Kumar and Noble 
(2010a) 
Psychological Value 
Human Value 
Motivational Value 
Emotional Value 
Affective Value 
Rokeach (1979); Schwartz (2013); 
Zhou et al. (2013); Ohta and 
Kasamatsu (2014); Sheth et al. (1991); 
den Ouden (2012) 
Sociological Value 
Symbolic Value 
Sentimental Value 
Boztepe (2007); Lee et al. (2014); 
Fletcher (2009); Tseng and Ho (2012). 
In the classic literature on value, Holbrook (1996) proposed a typology of customer value to 
provide a general framework for the analysis of consumer behaviour. The framework reflects three 
key dimensions of value: (1) extrinsic versus intrinsic, whereby extrinsic value arises when a 
product’s consumption has achieved its functional purposes, while intrinsic value “occurs when 
some consumption experience is appreciated as an end in itself”; (2) self-oriented versus other-
oriented, whereby self-oriented occurs when consumption of a product has an effect on the user, 
while other-oriented occurs when a product consumption has an effect on other people; and (3) 
active versus reactive, whereby active “entails some physical or mental manipulation of an object” 
by the user, while reactive is a value that “results from apprehending, appreciating or responding 
to some object” by the user. Holbrook’s typology of customer value is illustrated in Table 4-4. 
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Table 4-4: Typology of customer value, adapted from Holbrook (1996) 
  Extrinsic Intrinsic 
Self-Oriented Active 
 
EFFICIENCY 
(Output/Input, 
Convenience) 
 
PLAY 
(Fun) 
 
 
 
Reactive  EXCELLENCE 
(Quality) 
AESTHETICS 
(Beauty) 
Other-Oriented Active STATUS 
(Success, Impression 
management) 
 
ETHICS 
(Justice, Virtue, 
Morality) 
 Reactive ESTEEM 
(Reputation, 
Materialism, 
Possessions) 
SPIRITUALITY 
(Faith, Ecstasy, 
Sacredness) 
Although the typology developed by Holbrook has become the source of motivation in assessing 
value for many researchers, there is little consistency in their approaches, and none stand outs 
as being particularly effective in helping the reader to better understand value creation through 
the personalisation of products. Even if this were not the case, value creation is not fully captured 
by the domain of the consumer value construct, particularly in the context of this study. The 
argument presented in this study is that an increase in the value of a consumer product is 
achieved when end-users are given a higher degree of direct and deliberate influence over the 
product's 3D form (Sinclair 2012). This value increment can be achieved if the end-users identify 
the product’s required characteristics to satisfy their needs through involvement in the design 
process, in order to reach an agreed solution within the design specification (Sinclair and 
Campbell, 2014). However, the classification of the theories related to consumer value in the 
literature can be used to shed light on the development of a new value taxonomy associated with 
AM-enabled product personalisation. 
In recent years, several studies have provided a better understanding of the conceptual 
framework related to the value of self-designed products. Scholars have asked whether 
perceptions of the self-design process have an additional impact on the perceived value of a 
product. Franke and Schreier (2010) described self-designing as a means for end-users to add 
unique design features to the product tailored to their preferences by using a design toolkit. 
According to Schreier (2006), “the process of designing one’s own product also adds value if it is 
perceived as a self-rewarding process”. Through self-design, end-users who are designing their 
own product will enjoy the designing act itself. Thus, end-users are likely to “experience strong 
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feelings of pride”, and they will value the outcome more than they would value a standard product 
design. Schreier (2006) identified functional value, perceived uniqueness, the process benefit of 
self-design, and pride of authorship as the underlying value drivers of the end-users’ participation 
in self-designing products. Self-designed products also add value in terms of their uniqueness, 
because they improve the product’s ability to express characteristics that are distinct from those 
of other products in the same category (Franke and Schreier, 2008).  
Franke and Schreier (2010) analysed factors that prompt end-users to attribute value to the 
products they design and thus make them willing to pay more for self-designed products than for 
standard mass-produced products. The analysis is based on three factors, which are as follows: 
(1) perceived preference fit, which relates to the end-users' “subjective evaluation of the extent to 
which the product’s features correspond to their preference system”; (2) perceived process effort, 
related to “subjective perception of the time and mental energy invested in designing the product”; 
and (3) process enjoyment, a “positive affective reaction elicited by the process of self-designing 
the product”. Franke and Schreier (2010) found that the subjective value of a self-designed 
product is impacted not only by the preference fit that end-users expect to deliver but also by 
several other factors, including the enjoyment of self-designing the product, and the interaction 
between preference fit and perceived process effort. End-users will attribute a higher value to a 
self-designed product if they enjoy the process. A more recent study by Atakan et al. (2014) 
confirmed these findings by stating that end-users’ participation in the design phase results in a 
“stronger affective commitment to the product”. 
Damm et al. (2013) proposed that the key value drivers of a self-designed product are related to 
both product characteristics and the self-designing process. They suggested that the magnitude 
of the major value drivers is jointly influenced by the characteristics of the product and the self-
design process. They also emphasised that not all products are suitable to be individualised and 
not all individualisation approaches deliver identical value for end-users. They distinguished the 
perceived value of the self-designed product as perceived preference fit, perceived process 
enjoyment and effort, perceived product uniqueness, feelings of psychological ownership, and 
perceived pride of authorship. Hunt et al. (2013) further emphasised the importance of functional 
fit and product uniqueness as drivers of self-design value in relation to individual differences 
among users. 
Merle et al. (2007) suggested that the perceived value of a self-designed product can be classified 
into two components: product value and experiential value. Product value relates to the 
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“anticipated consumption experience”, and experiential value is associated with the “interaction 
between the consumer and the product during the co-design stage”. Merle et al. (2008) further 
identified five possible benefits perceived by end users under these classifications, three of which 
are related to product Value and two of which are related to experiential value. The product values 
are (1) utilitarian value, (2) unique value, and (3) self-expressiveness value. The experiential 
values consist of (4) hedonic value and (5) creative achievement value. Table 4-5 collates the 
principal empirical value dimensions of consumer value. 
Table 4-5: Value dimensions on end-users’ perceived value of self-designed products 
Value Dimensions Definitions Authors 
 
Functional Value 
 
 
 
Perceived 
uniqueness 
 
 
 
Process benefit of 
self-design 
 
 
 
Pride of authorship 
 
 
The feeling of 
psychological 
ownership 
 
An increase in utility that a user derives from the 
individualised product compared to the best 
standard product available. 
 
Acquiring things to feel different from others, 
where selected material possessions are used to 
express the customer’s individuality; also implies 
a symbolic product meaning. 
 
Intrinsically rewarding activities associated with 
characteristics, such as the satisfaction of 
curiosity, opportunities to experience, 
entertainment and novelty. 
 
The output-oriented benefit of having done 
something oneself. 
 
The experience gains from non-physical articles 
such as ideas, words, or artistic creations. 
 
Schreier (2006); 
Franke and Schreier 
(2008); Damm et al. 
(2013). 
 
Process of 
enjoyment 
 
Perceived process 
effort 
 
Perceived preference 
fit 
 
A positive affective reaction elicited by the 
process of self-designing the product. 
 
The subjective perception of the time and mental 
energy invested in designing products. 
 
The user’s subjective evaluation of the extent to 
which the product’s features correspond to his or 
her preference system. 
 
 
Franke and Schreier 
(2010); Damm et al. 
(2013). 
 
Product Value 
 
Utilitarian Value 
 
 
 
 
Anticipated consumption experiences. 
 
A value acquired from the closeness of fit 
between product characteristics and individual 
preferences. 
 
 
Merle et al. (2007; 
2008; 2010) 
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Unique Value 
 
 
Self-expressive 
Value 
The value obtained from the opportunity to assert 
personal uniqueness. 
 
The value derived from the opportunity to possess 
a product that reflects the user’s personality. 
 
 
Experiential Value  
  
 
Hedonic Value 
 
 
 
Creative 
Achievement Value 
 
 
The interaction between end-users and the 
product during the co-design stage. 
 
The value acquired from the experience’s 
capability to meet needs related to enjoyment, 
fun, or pleasure. 
 
A value obtained from the feeling of 
accomplishment associated with the creative task 
of co-designing. 
 
4.3 Product Benefit 
Past studies have shown that the way consumers perceive the value of a product is related to 
how the use of an object satisfies the needs and provides benefits that end-users believe are 
important (Tu et al., 2001; Fernandes, 2012). Benefits are “what users gain from product 
attributes” (Fernandes, 2015). Consumers will be attracted to consumption values if the product 
provides a combination of additional attributes to their basic benefits. According to Park et al. 
(1986), consumer needs are reflected through the following three generic value dimensions: (1) 
functional needs – “those that motivate the search for products that solve consumption-related 
problems”; (2) symbolic needs – the “desire for products that fulfil internally generated needs for 
self-enhancement, role position, group membership, and ego identification”; and (3) experiential 
needs – the “desire for products that provide sensory pleasure, variety or cognitive stimulation”.   
Previous studies proposed a typology of product benefits that consumers may derive from the 
possession or consumption of a consumer product. The typology includes thirteen generic product 
benefits that drive the end-user’s choice of a product: functional, social, affective, epistemic, 
aesthetic, hedonic, situational, holistic, self-expressive, emotional, perceived uniqueness, 
process benefit and pride of authorship. The definitions of these terms are discussed briefly in 
Table 4-6. 
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Table 4-6: Typologies of generic product benefits from consumption values, adapted and 
adjusted from Lai (1995), Schreier (2006) and Aaker (1996) 
Product benefits Definitions 
Functional benefit  A product's capacity for functionality, utilitarian or physical performance 
derived from tangible and concrete attributes that end-users may 
experience when consuming the product. 
Social benefit Perceptual benefits acquired from a product's association with social 
class, social status or a specific social group (i.e. highly visible products 
such as clothing, jewellery and automobiles often have social benefits). 
Affective benefit Perceptual benefit acquired from a product’s capacity to arouse feelings 
or affective states (i.e. personal, symbolic meanings, memories). 
Epistemic benefit Benefit acquired from a product’s capacity to satisfy curiosity, provide 
novelty and provide desired knowledge. (e.g. exploratory, novel-seeking 
and variety-seeking). 
Aesthetic benefit Benefit acquired from a product’s capacity to present a sense of beauty 
to enhance personal expression (e.g. style, appearance demands, art, 
and fashion). 
Hedonic benefit Benefit acquired from a product’s capacity to meet a need of 
enjoyment, fun, relaxation, and pleasure or distraction from work or 
anxiety. 
Situational benefit Benefit acquired from a product’s capacity to meet situational needs in 
specific circumstances that are measured within the profile of 
consumption situations. 
Holistic benefit Perceptual benefit acquired from the complementarity, coherence, 
compatibility and consistency of a product range as a whole. 
Self-expressive benefit Provides an opportunity to communicate self-image that focuses on the 
act of using it and is linked to the user’s personality (e.g. the feeling of 
being cool for using the Apple iPhone). 
Emotional benefit Positive feelings when the user purchases and uses a product that 
focuses on the result of using it (e.g. strong identities, such as being 
safe in a Volvo, being rugged wearing Levi’s). 
Perceived uniqueness 
of self-designed 
process 
Perceptual benefit of creating a unique object. 
Process benefit of 
self-designed process 
Satisfying hedonic or experiential needs by ‘doing it oneself’. 
Pride-of-authorship 
effect 
Taking pride in having designed the product oneself. 
A theoretical model of the end-user’s perceived value based on the generic product benefits 
developed by Lai (1995) was adopted and adjusted to describe the elements that contribute to 
the end user’s perceived value in the consumption and possession of personalised AM products. 
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Figure 4-2 shows the theoretical model of the end-user’s perceived value of personalised AM 
products. 
 
Figure 4-2: The theoretical model of end-user’s perceived value of personalised AM products, 
adapted and adjusted from Lai (1995), Schreier (2006) and Aaker (1996) 
As indicated in Figure 4-2, the end-user’s perception of value for personalised AM products is 
influenced by three main elements: perceived product benefits, perceived logistic benefits, and 
perceived costs (Lai, 1995). All these elements contribute to the central factor of product 
personalisation. According to Lai (1995), the end-user’s perceived product benefits are derived 
from his or her “terminal personal values and instrumental consumption values”, which could be 
either a single type or a combination of the thirteen categories of product benefits, as suggested 
in Table 4-4. The model also includes perceived logistics benefits, which can be described as 
benefits end-users acquire from purchasing personalised AM products. This includes the pleasure 
of using an easy-to-use design toolkit, the convenience of purchasing or using AM systems and 
the availability of supporting raw materials. In contrast, perceived cost is described as the relevant 
cost considered by the end-user, including the monetary cost to purchase a system or product, 
the time and energy required for product personalisation activities, and the effort and attention 
invested in creating a personalised product.  
From the end-users’ perspective, the value they perceive personalised AM products to have is 
derived not only from a product’s attributes or technical features but also from benefits gained 
from consuming the product. Evidence shows that end-users’ involvement in the design and 
fabrication of products can in itself provide value (Franke and Schreier, 2010; Schreier, 2006; 
Merle et al., 2007; Damm et al., 2013; Hunt et al., 2013). End-users will see added value if the 
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personalised product provides a combination of additional attributes to the usual benefits, such 
as functionality (e.g. durability, ease of use), aesthetics (e.g. style, appearance) and perceived 
uniqueness (e.g. symbolism). However, these benefits will not be automatically perceived as 
valuable by end-users. This will happen only if they can see, appreciate and use the product as 
anticipated to achieve their personal aims (Lai, 1995). Benefits may respond to needs or wants, 
which can be positive or negative (Fernandes, 2015). Therefore, the perception of whether the 
experience of the self-design process is good or bad is partly determined by the outcome of the 
process (Franke and Schreier, 2010). 
As mentioned above, the simplest equation to express the increase in an end user’s perceived 
value involves measuring how much the additional benefits of the product exceed the additional 
costs to the user. Conversely, if the end user’s costs to possess the product exceeds the product’s 
benefits, the market will not adopt product personalisation (Vesanen, 2007; Simonson, 2005). 
Despite the ability of personalised AM products to create benefits in the form of better preference 
matching and improved user experience, they also entail an additional investment cost to end-
users (Vesanen, 2007). This investment cost can take the form of money, time, attention and 
effort during personalisation activities (Franke and Schreier, 2010; Vesanen, 2007; Bernabei and 
Power, 2013; Mugge et al., 2005). Therefore, in the context of this study, personalised AM 
products were evaluated both in terms of added value for end-users in the form of benefits and 
also in terms of the added cost to end-users. 
4.5 Summary 
For end-users, the purpose of product personalisation is to fulfil their economic, psychological 
and sociological needs to be distinctive and demonstrate personal taste by creating an exclusive 
personalised product that fits their needs (Tseng and Ho, 2012; den Ouden, 2012; Trentin et al., 
2014). This chapter has provided a theoretical study of consumer value from the perspective of 
product design. According to the research proposition, a personalised AM product is valuable for 
end-users if designers and end-users are involved in co-creating a product that addresses all the 
key values by adapting the key characteristics and design features addressed in the value 
taxonomy in their personalised designs. The next chapter will discuss both the research 
methodology and the approaches used in this study to achieve the research objectives. 
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CHAPTER 5  
RESEARCH METHODOLOGY 
5.0 Introduction 
This chapter presents the strategy and approaches used in the research study. It first describes 
the intent of the study, explaining the research gap and identifying the research questions. 
Additionally, the chapter explains the research methodology designed to address the research 
questions and covers the research approaches that provided specific direction for the procedures 
used in the research design.  
5.1 Research Intent 
This research is primarily interested in examining how AM can best be used to increase the value 
of personalised consumer products and how designers can prepare a ‘personalisable’ product 
design that provides value-added personalisation features to the AM-enabled personalised 
product. Following the research aims, scope and audience set forth in Chapter 1, the intent of this 
research is to make an original contribution to research and development within consumer product 
design, focusing on the key values obtained through the active participation of non-expert users 
in self-designing their product facilitated with AM.  
5.2 Research Gap  
The literature review recognised that product personalisation is a vital element allowing individuals 
to create products with enhanced functionality or appearance according to their needs and 
preferences. Since users have varying demands, a personalised AM product needs to generate 
value through meeting each end-user's specific requirements for the product. The value of a 
personalisation strategy partially lies in the fact that the personalised product represents the 
owner’s personal accomplishment. People tend to be more attached to products that symbolise 
a personal accomplishment and through which they can express themselves. Implementing 
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personalisation in the product design is important for strengthening the person-to-product 
relationship (Savas, 2004).  
The investigation into the area of product personalisation revealed certain general and specific 
gaps present in the research literature. These clearly show an important area of potential study 
in that there is a lack of understanding of how to estimate the value of an AM-enabled 
personalised product. To achieve the overall aim of this research, a key assumption is made that 
self-designed products create greater benefits for end-users than standard products because they 
provide individuals with a closer preference fit (Franke et al., 2009; Franke et al., 2010; Power 
and Bernabei, 2013). The prerequisite for this effect is the ability to obtain precise information on 
what end-users seek through personalised products and in what way expert designers could offer 
to achieve high value features in AM-enabled personalised products. From the academic research 
perspective, the need to understand end-users’ requirements from personalisation and how 
designers can best be supported in meeting these requirements also provide significant research 
gaps that need to be filled. 
5.3 Research Questions 
To take advantage of AM’s benefits, end-users and designers should explore the potential design 
abilities enabled by AM. One way to increase AM’s benefits is to offer product personalisation 
(Reeves et al., 2014). To establish the best way of achieving this, it was determined that this 
research study should focus on the following research questions: 
1. What are the factors that motivate end users to personalise their product? 
2. What are the key values that end-users identify when they are involved in product 
personalisation through AM? 
3. What type of design features in a product would potentially add value and to what extent 
are end-users willing to pay more (as indicated by the effect on their purchase intention) 
for the personalised features in a product? 
4. Does value increase as end-users become more involved in personalising their products? 
5. What design questions should be presented to industrial designers to enable the effective 
generation of value adding personalisable product designs that are suitable for fabrication 
by AM? 
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6. What is the optimal way to present value-added personalised AM product information to 
industrial designers? 
Some of the research questions were fully or partly addressed through the literature review 
presented in Chapters 2, 3 and 4. The remaining questions were addressed through the author’s 
primary research. 
5.4 Research Framework 
The research method is a strategy of enquiry, which moves from assumptions to research design 
and data collection. There are multiple research approaches that researchers can choose. 
However, it is preferable to use an existing framework to allow researchers to make plans based 
on a well-grounded literature. To develop a research design, Creswell (2014) introduced a 
grounded framework for designing research strategy. He addresses three questions central to the 
design of the research: 
1. What knowledge claims is the researcher making? 
2. What strategies of enquiry will stipulate the procedures? 
3. What methods of data collection and analysis will be used? 
Creswell (2014) combined these three elements of enquiry to form different approaches to 
research, which consist of qualitative, quantitative, and mixed-methods approaches. The 
approaches are then translated into processes in the research design in the form of questions, 
data collection, data analysis, write-up and validation. The framework for planning the research 
strategy is shown in Figure 5-1. 
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Figure 5-1: Designing a research strategy framework, adapted from Creswell (2014) 
Since the primary focus of this study was to support industrial design research, an appropriate 
research framework related to ‘design research’ was needed. Design research is a type of 
research discipline that “generates knowledge about design and for design” (Horvath, 2001). 
Therefore, it integrates two main drivers of research: the development of understanding and 
support (Blessing and Chakrabarti, 2009, p. 5). To obtain validated results in both a theoretical 
and a practical sense, a methodology for design research was needed as a guide to select and 
apply appropriate research approaches and methods to be used in the study. Thus, the research 
framework in this study drew inspiration from the Design Research Methodology (DRM), derived 
from the work of Blessing and Chakrabarti (2009). DRM was chosen as a framework for this 
research because its methods are practical, rigorous and readily available to be implemented in 
design and product development research. 
According to Blessing and Chakrabarti (2009), DRM is defined as “an approach and a set of 
supporting methods to be used as a framework for conducting design research” (p. 9). The main 
objectives are to support not only the formulation and validation of models and theories about the 
phenomenon of design, but also “the development and validation of support founded on these 
models and theories to improve design practice, management, education and outcomes” (p. 9). 
The relationship between DRM, design research and design is illustrated in Figure 5-2. 
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Figure 5-2: Relationship between design research methodology, design research and design, 
adapted from Blessing and Chakrabarti (2009) 
Based on the work of Blessing and Chakrabarti (2009), DRM consists of four stages: Research 
Clarification (RC), Descriptive Study I (DS-I), Prescriptive Study (PS) and Descriptive Study II 
(DS-II). RC helps the author to “clarify the current understanding and the overall research aim, 
develop a research plan and provide a focus for the subsequent stages” (p. 41). DS-I aims at 
“increasing the understanding of design and the factors that influence its success by investigating 
the phenomenon of design to provide information about the development of support” (p. 41). PS 
aims at systematically developing support by considering the results of DS-I. DS-II focuses on 
evaluating the usability, applicability and usefulness of the support. Figure 5-3 shows the links 
between these stages, the basic means utilised in each stage, and the main outcomes. 
 
Figure 5-3: DRM framework – stages, basic means and deliverables, adapted from Blessing 
and Chakrabarti (2009) 
Design research 
methodology
•provides understanding and 
support to help improve
Design research •provides understanding and 
support to help improve
Design (practice and 
education)
68 
 
Within the four stages of the DRM framework, three different study types can be used to deliver 
the output: a review-based study, a comprehensive study, and an initial study (Blessing and 
Chakrabarti, 2009). A review-based study is based only on the review of the literature. A 
comprehensive study includes both a literature review and a study in which results are produced 
by the researcher, for example, undertaking an empirical study or developing support tools. An 
initial study closes a project and involves the first few steps of an implementation stage to show 
the consequences of the results and prepare the results for use by others. Researchers can 
identify their DRM based on seven possible types of design research to answer the chosen 
research questions and verify the proposition. Figure 5-4 shows the seven types of design 
research projects.  
Research  
Clarification (RC) 
Descriptive  
Study I (DS-I) 
Prescriptive  
Study (PS) 
Descriptive  
Study II (DS-II) 
1. Review-based Comprehensive   
2. Review-based Comprehensive     Initial  
3. Review-based Review-based     Comprehensive      Initial 
4. Review-based Review-based     Review-based 
    Initial/ 
    Comprehensive 
     Comprehensive 
5. Review-based Comprehensive     Comprehensive      Initial 
6. Review-based Review-based     Comprehensive 
 
     Comprehensive 
7. Review-based Comprehensive     Comprehensive 
 
     Comprehensive 
Figure 5-4: Types of research project designs, adapted from Blessing and Chakrabarti (2009) 
To fulfil the aims and objectives of this study, design research Type 3 was the most suited and 
was therefore adopted. Figure 5-5 shows the adapted version of design research appropriate for 
this study and its relationship to the thesis chapters. 
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Stage 
Research  
Clarification (RC) 
Descriptive  
Study I (DS-I) 
Prescriptive  
Study (PS) 
Descriptive  
Study II (DS-II) 
Study type Review-based  Review-based Comprehensive      Initial 
Chapter(s) 1, 2, 3, 4 and 5 2 to 5 and 6 6, 7, 8 9, 10 
Figure 5-5: Chosen research design for this study, adapted from Blessing and Chakrabarti 
(2009) 
In the Review-Based RC stage, the author clarified the current understanding by looking for 
evidence that supported the research assumptions to formulate a realistic research aim, focus, 
and scope, along with other factors that influence the phenomenon under investigation. This was 
done mainly through the research definition and preliminary literature review presented in 
Chapters 1, 2, 3, 4 and 5. In the DS-I stage (Chapter 6), an epistemological review of the 
development of the value taxonomy of personalised AM products was performed. This developed 
the initial support description by capturing relevant value attributes to provide a common 
framework for the subsequent research work. This was performed through analysis of the 
empirical research in the literature and the author’s own reasoning. Thus, this stage was 
considered to be a Review-Based DS-I.  
The review from the RC and DS-I stages indicated that the existing support addressed only part 
of the problem. Thus, further investigation to support the existing situation was needed. Therefore, 
based on the initial support developed in the DS-I stage, a Comprehensive PS was performed to 
assess end-users’ value reflection on personalised features, which is measured through their 
willingness to pay (WTP) and their intention to purchase a product with personalised features. 
This study is referred to as Study 1 (see Chapter 7). This was followed by an investigation to 
evaluate the value of personalised consumer products designed by end-users and fabricated 
using AM. This study is referred to as Study 2 (see Chapter 8). The implications of the findings 
were reviewed, and a reflection on the strengths and weaknesses of the outcome was performed 
to improve understanding of the existing support.  
Finally, once the results and findings from the Comprehensive PS were concluded, an Initial DS-
II was performed to close the project with the development and validation of an added value 
identification method. Chapter 9 describes the development of the method and tool, which focus 
on assisting designers in finding the best way to achieve high-value AM-enabled personalised 
products. This was followed by the validation process for the support tool to evaluate its usability, 
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applicability and effectiveness. This study is referred to as Study 3. Chapter 9 also analyses the 
data collected from the study. Finally, Chapter 10 synthesises the important characteristics that 
impacted or influenced the interpretation of the findings in the research study. It does so by 
discussing the realisation of the research objectives, the answers to the research questions, 
contributions to the body of knowledge, the limitations of the research, and recommendations for 
future work. Figure 5-6 shows the overall research strategy based on the DRM research 
framework. 
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Figure 5-6: Overall research strategy  
Literature review on product personalisation, additive 
manufacturing and consumer value in product design 
Establishes research aim and objectives, research scope, 
research questions, research gap identification and research 
methodology 
Findings from the literature review 
Development of the value taxonomy of personalised AM 
products 
Identify the definition, classification and characterising the 
key value components of personalised AM products 
Study 1 - Assessing the value of product personalisation 
Study 2 - Evaluating the value of product personalisation 
facilitated through AM 
Development of added value identification method and 
design aid tool 
Study 3 - Validation process for the design aid tool 
Discussion, conclusions and recommendations 
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5.5 Research Approaches 
A research methodology is an investigation of new knowledge that involves a systematic 
procedure to find solutions to problems (Rajasekar et al., 2006). In planning a research project, it 
is necessary to choose the right approach to bring together assumptions about the research, a 
specific design and research methods (Creswell, 2014). The choice of an approach is influenced 
by the research problem being studied, the experience of the researcher and the audience in the 
research field. Creswell (2014) addresses three alternative research approaches, which are the 
qualitative, quantitative and mixed methods approaches (see Table 5-1). Each research method 
embodies a full range of possibilities for data collection and associated analysis techniques. 
Researchers might start by collecting data using an instrument (e.g. a questionnaire). The data 
collected may be presented as either numeric information on a scale or text information gathered 
from participants. The researcher then interprets the data based on the results.  
Table 5-1: Types of research approach, adapted from Creswell (2014) 
Quantitative method Qualitative method Mixed method 
Pre-determined Emerging methods 
Both predetermined and 
emerging methods 
Instrument-based questions Open-ended questions 
Both open- and closed-ended 
questions 
Performance data, 
attitude data, 
observational data, and 
census data 
Interview data, observation 
data, document data, and 
audio-visual data 
Multiple forms of data 
drawing on all possibilities 
Statistical analysis Text and image analysis Statistical and text analysis 
Statistical interpretation 
Themes, patterns 
Interpretation 
Across-database 
interpretation 
Creswell (2014, p. 3-19) characterised each of these research approaches. The philosophical 
assumptions for the quantitative method are based on post-positivist knowledge claims that 
determine the effects or outcomes. Therefore, researchers need to identify and assess the causes 
that influence the outcomes, such as those found through experiments. A quantitative method 
usually employs both a survey (a questionnaire or structured interviews) and experimental 
research (giving specific treatment to one group and withholding it from another). It also employs 
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closed-ended questions, predetermined approaches and numeric data. The researcher usually 
conducts a test, identifies the study variables, relates the variables to research questions, uses 
standards of validity and reliability, measures information numerically using an unbiased 
approach, and employs statistical procedures. 
The philosophical assumptions for the qualitative method are based on constructivist knowledge 
claims and employ phenomenology, grounded theory, ethnography, case studies, and narrative 
strategies of inquiry. The qualitative method explores the meanings of individuals or groups 
attributed to social problems. It involves emerging questions and procedures. Data are typically 
collected in the participant’s usual setting. The qualitative method usually involves open-ended 
questions and makes use of images. Researchers practice this method by positioning themselves 
in the field of study, collecting participants’ meanings, focusing on a single concept, studying the 
context setting of the participants, validating the accuracy of findings, interpreting the data, 
creating an agenda for change, and collaborating with the participants. 
A mixed method uses practical knowledge claims and employs sequential, concurrent and 
transformative research strategies. This approach involves collecting both qualitative and 
quantitative data and may involve philosophical assumptions and theoretical frameworks. The 
core of this form of inquiry is to provide a complete understanding of a research problem by 
combining both approaches. The method uses both open- and closed-ended questions with 
emerging and predetermined approaches. Researchers usually collect both qualitative and 
quantitative data, develop a rationale for mixing and integrating the data at different stages of the 
inquiry, and present visual pictures of the procedures in the study. Table 5-2 summarises the 
quantitative, qualitative and mixed-methods approaches. 
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Table 5-2: Quantitative, qualitative and mixed-methods approaches, adapted from Creswell 
(2014) 
Types 
Quantitative 
Approaches 
Qualitative 
Approaches 
Mixed-Methods 
Approaches 
Philosophical 
assumptions 
 
• Post-positivist. • Constructivist. • Pragmatic. 
Strategies of 
inquiry 
• Surveys and 
experiments. 
• Phenomenology, 
grounded theory, 
ethnography, case 
study and narrative. 
• Sequential, 
concurrent and 
transformative. 
Methods 
employed 
• Closed-ended 
questions, 
predetermined 
approaches, numeric 
data. 
• Open-ended 
questions, emerging 
approaches, text or 
image data. 
• Both quantitative 
and qualitative 
approaches. 
Practices of 
research by 
researcher 
• Test or verifies 
theories or 
explanations. 
• Identifies variables. 
• Relates variables to 
research questions. 
• Uses standards of 
validity and reliability. 
• Observes and 
measures. 
• Unbiased 
approaches. 
• Statistical 
procedures. 
• Positioned in 
participant’s setting. 
• Collects participant 
meaning. 
• Focuses on a single 
phenomenon. 
• Brings personal 
values into the 
study. 
• Studies the context 
of participants. 
• Validates the 
accuracy of findings. 
• Makes 
interpretations of 
data. 
• Creates an agenda 
for change. 
• Collaborative with 
participants. 
• Collect both 
quantitative and 
qualitative 
approaches. 
• Develops a 
rationale for 
mixing. 
• Integrates the 
data at different 
stages of inquiry. 
• Present visual 
pictures of 
procedures in the 
study. 
• Employs practices 
of both 
quantitative and 
qualitative 
research. 
Overall, the strategy for this research study was based on the principle of the quantitative method. 
An understanding of the concept, measurement and consequences of the end users’ perceived 
value of personalised AM products was vital to improve the situation under investigation (Wan et 
al., 2017). Approaches to the data collection will be discussed further in section 5.5.2. The 
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formulation for answering the research questions is presented in Figure 5-7, where the 
deliverables of the research questions are mapped against the selected research stages. 
 
Figure 5-7: Research questions against research stages, adapted and adjusted from Blessing 
and Chakrabarti (2009) 
5.5.1 Literature Study 
In this research, the literature study was divided into two parts: secondary study and primary 
study. A secondary study was mainly a literature review that determined the extent of already 
available knowledge and studies in the field of consumer product design, additive manufacturing 
and consumer value on a broader basis to provide an intellectual context for the research area. 
A wide range of publications, including journals and conference papers from marketing, consumer 
behaviour, engineering and product design, product customisation and personalisation, 
manufacturing, additive manufacturing and other related fields, were systematically scanned from 
at least a ten-year period. This literature search used Loughborough University’s library 
information sources, including Library Catalogue Plus, academic and commercial abstracts, 
bibliographic databases, and Internet search engines. Books, magazines, and articles on the 
subject were also studied to gain valuable insights into the topic. The research aims and 
objectives, scope and research novelty were established to form the theoretical foundation of the 
research. Based on this secondary literature review, five research questions were formulated. A 
primary study was then performed to answer the specific issues or questions that had been 
uncovered from the secondary study. The primary study essentially provided first-hand evidence 
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about the context of the research. Primary literature study sources may include questionnaires. 
Small experiments or activities can also be considered in the primary study. 
5.5.2 Data Collection 
It was anticipated that the data collected would either support or contest the current proposition. 
A set of objectives and a series of research studies were defined and planned. The approaches 
to the data collection in the studies were as follows: 
1. A questionnaire was used to gather large-scale data to make generalisations, generating 
and gathering statistically manipulated and context-free data (Cohen et al. 2011, p. 128). 
The questionnaire focused on a sample of general users to measure their awareness and 
knowledge of product personalisation and to measure their willingness to pay for 
personalised features in the most common consumer products.  
2. An online questionnaire (Chapter 7) was used to obtained feedback from a broad sample 
of personalised product design users; exploring their cultural background, product use, 
awareness or interest in product personalisation, and attitudes towards current 
personalisation services. 
3. A quasi-experimental study related to designing a personalised product was conducted 
(Chapter 8) “to demonstrate causality between intervention and outcomes” (Harris et al., 
2006). In the quasi-experimental research, investigators may employ a ‘true’  experiment 
approach but it is set outside the laboratory and in more natural conditions (Cohen et al., 
2011). Since the experiment involved an investigation to discover the effects of input 
variables, an exploratory one-group post-test-only design (X O1) was adopted, where an 
intervention (X) was implemented and a post-test observation (O1) was made. Although 
the author recognises that other quasi-experimental designs are available, this study 
involved the use of AM-enabled easy-to-use software to obtain the feedback from the end-
users about their perceived value of personalised products. Thus, it would have been 
challenging to obtain pre-test assessment because of time, technical resources and cost 
constraints.  
4. Focus groups were identified with strategic samples of non-professional users (Chapter 
8) and professional designers (Chapter 9) to gather broad data on the desired subjects, 
with subsequent studies used to explore particular areas of interest to gain an in-depth 
understanding of the issues. 
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5.5.3 Sampling Technique  
A sampling technique is essential to logically address the research questions being investigated 
and will generate quantitative data to answer the research questions. A decision on the sampling 
technique was made based on five key factors, as suggested by Cohen et al. (2011, p. 143) and 
listed below: 
1. The sample size. 
2. The representativeness and parameters of the sample. 
3. Access to the sample. 
4. The sampling strategy to be used. 
5. The type of research that is being undertaken. 
Experimental methodologies require a minimum sample size of 15 cases, and survey research 
should have a minimum size of 100 cases. This justification is supported by Gall et al. (2007). 
However, the sampling strategy might also be constrained by cost in terms of time, money, stress, 
and resources (Cohen et al., 2011, p. 145). It is worth mentioning that the sample size for this 
investigation was relatively small since there was limited access to the group under study, 
particularly the groups and individuals who consider themselves as ‘makers’ involved in creating 
and developing product designs for personalisation using AM.  
The survey used a convenience sampling approach in which the researcher chooses “the nearest 
individuals to serve as respondents and continues the process until the required sample size has 
been obtained” (Cohen et al., 2011, p. 155). The characteristics of the sample were different ages, 
educational backgrounds, professions, etc. In contrast, the sampling approach for the 
experimental studies, including the validation stage, was purposive sampling, in which the 
researcher hand-picks the cases to be included in the sample. This was done by choosing 
participants with the characteristics being sought to build a sample that satisfied the study’s 
specific needs, as suggested by Cohen et al. (2011, p. 156). In the case of this research, for 
example, participants were selected based on their demonstrated interest in personalising 3D 
objects through the use of AM-enabled tools and 3D printing.  
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5.6 Summary 
This chapter defined the approaches and techniques used in this research by addressing the 
research intent, research gap, research questions, research framework, and research 
approaches. A robust and systematic methodology was established through the adoption of the 
DRM to ensure the efficacy and validity of the research. The chapter also discussed the 
implementation of the research study based on the selected research type (see Figures 5-5 and 
5-6). The formulation used to answer the research questions was also addressed (see Figure 5-
7). The literature study, data collection, and sampling technique have been identified in response 
to the research questions. The strategy and approaches discussed in this chapter provided the 
foundation for the ongoing research and offered a potential direction for subsequent studies.  
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CHAPTER 6  
DEVELOPMENT OF THE VALUE TAXONOMY FOR PERSONALISED AM PRODUCTS 
6.0 Introduction 
This chapter presents the development of the value taxonomy for personalised AM products. The 
chapter focuses on the identification, classification, characterisation and organisation of the value 
types and components into a systematic taxonomy to help analyse and measures value. At the 
end of the chapter, the researcher proposes a new value taxonomy for personalised products that 
are enabled through AM technology. 
6.1 Overview of a value taxonomy of personalised AM products 
AM technology is well known to have great potential for the personalisation of product designs. 
Although the author recognises the capabilities of traditional manufacturing processes, AM has 
the unique capability of building complex geometries that cannot be fabricated by any other 
means. This is possible because of AM’s ability to create highly functional parts without the need 
for expensive tooling (Campbell et al., 2011). This ability has generated public interest in using 
AM as a personal fabrication tool to produce personalised 3D parts. 3D-printed personalised 
designs have become an alternative to the standard designs produced through traditional mass-
production processes. Previous work has found that end-users’ involvement in self-designing 
provides additional product value (Franke et al., 2009; Franke and Schreier, 2010; Franke and 
Schreier, 2007; Schreier, 2006). In addition, there is experiential value for end users, who create 
designs that deliver a closer fit to their preferences (Merle et al., 2008; Merle et al., 2010). Past 
studies have shown that value is related to the use of an object both to satisfy needs and to 
provide benefits that end-users believe are important (Tu et al., 2001; Fernandes, 2012). For end-
users to value self-designed products, it is important for the product to ‘fit’ their needs during their 
involvement in the process of personalisation (Hunt et al. 2013).  
However, an investigation into this area revealed a lack of knowledge in determining the value of 
personalised AM products. This value is acquired by end-users both when they are actively 
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involved in the personalisation process and when they possess and consume such products. 
Through this approach, end-users have more freedom to define a product's form without the need 
for the designer's approval. Conversely, in a standard mass-produced product, the end-user has 
no possibility of being directly involved in shaping a product’s form at any development phase 
(except to perform their own non-approved post-purchase personalisation). If end-users 
experience low levels of involvement with the product design, they will not receive the benefits of 
co-creation (Hoyer et al., 2010).  
In this chapter, the author reports the development of a value taxonomy for personalised AM 
products, which classifies and characterises the critical value components of personalised AM 
products. It seeks both to capture relevant value attributes of personalised AM products and to 
provide a common framework to guide future research work. The information gathered to develop 
the value taxonomy has been obtained by undertaking a thorough review of the literature 
concerning consumer value related to the end-users’ involvement in self-designing products. In 
addition, it is based on the author’s previous knowledge and experiences working in the industrial 
and product design field, along with the guidance from the author’s supervisors, who are 
academics at Loughborough Design School with previous experience in product design. 
6.2 Taxonomy 
The term ‘taxonomy’ is derived from the Greek words taxis and nomos. Taxis means classification 
and nomos means management. The term may be translated to “people's classification 
management” (Dal Mas, 2011). A taxonomy facilitates the classification of large bodies of 
information (Gershenson and Stauffer, 1999). Thus, developing a taxonomy is “the process of 
naming and classifying entities within a larger system according to their similarities and 
differences” (Céret et al., 2013). In the context of design, taxonomies are frequently used as a 
way to organise menu-driven information (Gershenson and Stauffer, 1999). Some examples 
include a taxonomy of design methodologies for design education and industrial applications 
(Tomiyama et al., 2009), idea-generation methods in engineering design (Shah et al., 2000) and 
Ullman’s taxonomy of the characterisation of mechanical design methods and theories (Ullman, 
1992).  
In structuring the taxonomy, four types of matrices derived from the work of Derr (1973) and 
Gershenson and Stauffer (1999), and employed by Ostergaard and Summers (2009), were 
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adopted. The matrices were used as a guide for “restructuring, redefining and constraining” the 
proposed taxonomy (Ostergaard and Summers, 2009). The four matrices are orthogonality, 
spanning, precision and usability. Table 6-1 shows the details of the matrices. 
Table 6-1: Taxonomy-oriented matrices, adapted from Ostergaard and Summers (2009)  
Measurement Descriptions Characteristics  
Orthogonality 
To ensure that there is no 
overlap between taxons. 
• Seeks to ensure that each instance can 
be represented uniquely in the taxonomy. 
• Provides an unambiguous description of 
the domain. 
Spanning 
The breadth of the taxonomy 
seeks to cover as much as 
possible. 
• The quality of a taxonomy that measures 
the representational expressiveness of 
taxonomy. 
• An attempt to classify the understanding 
of the domain. 
Precision 
The depth that the taxonomy 
seeks to go into detail. 
• The detailing of the taxonomy for greater 
clarity. 
Usability 
To ensure the greatest possible 
ease of communication among 
researchers. 
• The taxonomy is easy to understand.  
• The usability of the taxonomy is 
employed as a measure of value. 
6.3 The Development of the Value Taxonomy  
The perceived value of a self-designed product can be classified into two components: product 
value and experiential value. The first value is related to the anticipated consumption experience 
and the second value is associated with the interaction between the consumer and the product 
during the co-design stage. Theoretical support for these dimensions comes from the work of 
Merle et al. (2007) and Merle et al. (2008). They identified five possible types of value perceived 
by end-user, three of which are related to product value and two of which are related to 
experiential value. Those related to product value are (1) utilitarian value, (2) unique value, and 
(3) self-expressiveness Value. Those related to experiential value are (4) hedonic value and (5) 
creative achievement value. The author adopted this value taxonomy as the basis for 
personalised AM products because it was very comprehensive and consistent with the 
phenomenon under investigation. However, some value components were renamed, and a new 
component added, to accommodate the overall perspective associated with this study. The 
resulting hierarchy of the value taxonomy is illustrated in Figure 6-1. 
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Figure 6-1: The value taxonomy of product personalisation using AM technology 
The value taxonomy of product personalisation enabled through AM consists of two first-level 
value types, namely experiential value and product value. The second-level value components of 
experiential value are co-design value and hedonic value. The second-level value components 
for product value are functional value, personal-expressive value, sensory value, and unique 
value. The value components, sensory value and personal-expressive value, were included in the 
value taxonomy to capture not only the capability and complexity of AM but also the nature of the 
personalisation activities. Table 6-2 gives the definitions of the value components used in the 
context of this study.  
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Table 6-2: The definitions of the value taxonomy 
Value 
types 
Value components Value definitions 
E
x
p
e
ri
e
n
ti
a
l 
V
a
lu
e
 
Co-design 
Value acquired from the interaction between the 
end-user during their active involvement in 
designing a product (Merle et al., 2008) 
Hedonic Value 
Value acquired from the emotional sensation that 
reflects the entertainment provided by the activity 
from the end-user's perspective (Chang and Wu, 
2007; Merle et al., 2010; Choo et al., 2012; Smith 
and Colgate, 2007).  
P
ro
d
u
c
t 
V
a
lu
e
 
Functional Value 
Value acquired from the increment in product 
utility derived from the 3D-printed personalised 
product compared to the best standard mass-
produced product (Schreier, 2006). 
Personal-expressive 
Value 
Value acquired from the opportunity to reflect the 
image and personality of a person by establishing 
one's self-image (Norman, 2005; Merle et al., 
2010). 
Sensory Value 
Value acquired from a product's ability to present 
a sense of emotional response, reflection in the 
form of sensation, sense of beauty, sensory 
pleasure or delight to enhance personal 
expression (Wu, 2008; Fernandes, 2012; Hung 
and Chen, 2012). 
Unique Value 
Value acquired from the creation of symbolic 
attributes that create an opportunity for attention 
and interest, and to express the peculiarity of self-
expression of the individual (Ohta and 
Kasamatsu, 2014; Schreier, 2006; Merle et al., 
2010). 
The following section describes the meaning and characteristics of each value type and its 
components. 
6.3.1 Experiential Value 
Experiential value is a type of “an interactive relativistic preference attached not to the object itself 
but to the consumption experience” (Holbrook, 2005). It mainly involves fantasies (e.g. 
imagination, dreams), feelings (e.g. love, hate), and fun (e.g. hedonic pleasure derived from 
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playful activities) (Holbrook, 2006). In the context of this study, experiential value is derived from 
the interaction between the individual and the object in the form of 3D modelling during the 
personalisation process. This takes into account both the individual’s active involvement in the 
product personalisation process and the production of his or her own consumption experiences 
(Merle et al., 2008). 
6.3.1.1 Co-design Value  
Co-design value (CV) is the value acquired from the interaction between the end user during their 
active involvement in the design of a product (Merle et al., 2008). In a broader sense, CV refers 
to the “creativity of designers and people not trained in design working together in the design 
development process” (Sanders et al., 2008). In a narrower sense, it refers to creative cooperation 
during the personalisation processes (Steen et al., 2011). A creative achievement experience can 
be obtained from the interaction between the end-user and the product during the personalisation 
process (Merle et al., 2008). Such activities, like creating a 3D-printed design by expressing 
creative inspiration (e.g. the goal of a better appearance), asserting the ability to make a 
personalised design (e.g. altering 3D modelling shapes), adapting the design by personalising it 
to one’s own preferences (e.g. applying biomimicry patterns on components) and accomplishing 
the design task (e.g. making an effort to finish the task) could also be construed as CV (Sanders 
et al., 2008). Figure 6-2 shows the taxonomy of CV.  
 
 
 
 
 
 
 
Figure 6-2: Taxonomy of co-design value 
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6.3.1.2 Hedonic Value 
Hedonic value (HV) concerns the extent to which “a product creates appropriate experiences, 
feelings and emotions for the customer” (Smith and Colgate, 2007). HV can be defined as the 
value acquired from the emotional sensation that reflects the entertainment provided by the 
activity from the end-user's perspective (Chang and Wu, 2007; Merle et al., 2010; Choo et al., 
2012). HV also provides benefits from a product’s capacity to meet a need for enjoyment and 
encompasses aesthetic, pleasure and experiential values (Fernandes, 2012; Choo et al., 2012). 
The conceptualisation of HV is symbolised by joy (emotional satisfaction), and entertainment 
(activities derived from the experience) during the personalisation process for the AM product. 
For example, the fun feeling experienced when personalising a 3D-printed phone case or the 
excitement felt when performing personalising activities (Merle et al., 2010). Figure 6-3 shows the 
taxonomy of HV. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-3: Taxonomy of hedonic value 
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6.3.2 Product Value 
According to Sääksjärvi and Hellén (2013), a product’s value proposition lies in the creation of 
new benefits that end-users feel to be important in their lives, for example, having novel product 
functionality, superior technology, and increased quality. Product value can be defined as “a value 
derived from the anticipated consumption experience” (Merle et al., 2007). The main concern is 
the value of the personalised AM product in comparison to the standard mass-produced design 
and the price that the individual is prepared to pay. 
6.3.2.1 Functional Value 
Functional value (FV) is the value acquired from the characteristic-based ability of a product to 
meet its functional, utilitarian or physical performance that end-users will experience when 
consuming a product to achieve its practical end (Sheth et al., 1991; Fernandes, 2012). FV can 
be obtained from the product’s properties, such as its physical characteristics and features that 
influence its functional performance (Tseng et al., 2010). Value is created in the sense that the 
product helps to provide appropriate means for end-users to perform a desired function (Smith 
and Colgate, 2007). The value of personalisation in this context is defined as the value acquired 
from the increment in product utility derived from the 3D-printed personalised product compared 
to the best standard mass-produced product (Schreier, 2006).  
For practical purposes, FV generally can be categorised into two types: enhanced functionality, 
in which the personalised design is used to improve the product’s overall functionality; and the 
user fit requirement, in which personalised features are used to accommodate the user’s 
ergonomic requirements (Maidin, 2011). Enhanced product functionality is related to the features 
that can affect perceptions, such as effectiveness, reliability, durability, safety, multi-functionality 
and compatibility, as the main elements of the design (Kumar and Noble, 2010). In contrast, user 
fit requirement is related to ergonomic and human factors, such as human hand measurements, 
ease of use, and sturdiness (Kumar and Noble, 2010). Figure 6-4 shows the taxonomy of FV. 
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Figure 6-4: Taxonomy of functional value 
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impression of a product through reflection, such as retrospective memory (Norman, 2005). For 
example, an individual is not simply trying to display his or her difference, but instead seeks to 
own a product that fits exactly his or her self-image, so the product image portrayed is 'just like 
me', 'exactly who I am' or 'my own image' (Merle et al., 2010). End-users can do this by 
personalising the attributes of the 3D-printed part or component. E.g. by applying their favourite 
colours, patterns related to a particular group, logos, design art or typeface onto the 3D-printed 
design. Figure 6-5 shows the taxonomy of PV. 
 
 
 
 
 
 
 
Figure 6-5: Taxonomy of personal-expressive value 
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Figure 6-6: Taxonomy of sensory value 
6.3.2.4 Unique Value 
Unique value (UV) is the value acquired from the creation of symbolic attributes that create an 
opportunity for increasing the attention, interest, and uniqueness of the individual (Ohta and 
Kasamatsu, 2014; Schreier, 2006; Merle et al., 2010). End users can feel different from others 
through the purchase and display of products that demonstrate uniqueness or a distinctive 
character (Schreier, 2006). Moreover, even a small element of differentiation can make a product 
stand out from others (Merle et al., 2010). Thus, UV can be characterised as expressing 
individualism and uniqueness by enabling an individual to appear different from everyone else. A 
unique appearance can be described as a combination of several aesthetic features, such as new 
shapes, or a combination of colours and materials (Ohta and Kasamatsu, 2014). Symbolic 
meaning can also elicit UV (Edman, 2010), for example, traditional and cultural decorations (Smith 
Sensory Value 
 
Beautiful 
materials 
Surface 
finishing 
Attractive 
colors 
Creative 
concept 
Soft 
 
Full/semi-
transparent 
Velvet 
 Gold 
 
Color 
combination 
Geometrical 
complexity 
Rough 
 
Natural 
Bright 
Dark 
Polished 
 Matte 
 
Patterns 
Voronoi 
 Honeycomb 
 Micro-
cellular 
structure 
Silver 
Bronze 
 
Interesting 
movement 
Playful 
interaction 
Abstract 
forms 
Modifiable 
forms 
Structural 
innovations 
Transitional 
shapes 
89 
 
and Colgate, 2007) and symbols that represent the affiliation to a group to which an individual 
belongs (Mugge, 2007). The overall design impression of the product that matches the image of 
the user can also elicit UV (McDonagh et al., 2002). Figure 6-7 shows the taxonomy of UV. 
 
 
 
 
 
 
 
 
 
Figure 6-7: Taxonomy of unique value 
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 Figure 6-8: The value taxonomy of personalised AM products 
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6.4 Summary 
This chapter explored the development of a value taxonomy for personalised AM products based 
on the findings from the literature review. It aims to capture the relevant value attributes of 
personalised AM products and to provide a foundation to aid in the development of the design 
support tool for designers. The value taxonomy comprises two first-level value types, namely, 
product value and experiential value. The value taxonomy also identifies six second-level value 
components: functional value, personal-expressive value, sensory value and unique value. The 
characteristics and features of each value component have been described. The value taxonomy 
will be used to investigate end-users’ perceived value of personalised consumer products and 
thereafter to evaluate the value of personalised consumer products designed by end-users and 
produced using AM. These activities will be described in the following chapters. 
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CHAPTER 7  
ASSESSING THE VALUE OF PRODUCT PERSONALISATION 
7.0 Introduction 
As has been pointed out in the previous literature, many researchers have shown keen interest 
in the strategy of product personalisation (see Chapter 2). Previous empirical studies show that 
personalised products create higher benefits for end-users than do standard products because 
they deliver a closer preference fit (see Schreier, 2006; Franke et al., 2009; Guizani et al., 2015). 
Users attribute more value to the products they design and thus are more willing to pay a premium 
price for these products than they are for standard mass-produced products (Franke and Schreier, 
2010). Building on this, this chapter presents an exploratory study to investigate end-users’ 
attitudes to and reflections upon the value of a personalised product – this investigation is referred 
to as Study 1. The measures used in Study 1 were two-fold: firstly, assessing the value of a 
personalised product by evaluating end-users’ willingness to pay (WTP) extra for particular 
personalised features (Franke et al., 2008; Schreier, 2006; Franke and Schreier, 2010; Franke et 
al., 2009; Merle et al., 2007; Guizani et al., 2015); and secondly, assessing end-users’ purchase 
intentions to estimate their probability of purchasing a product with personalised features. It is 
worth noting that the study was focused on general consumer products rather than specialised 
products. It was anticipated that the results from the study would provide practical significance for 
future research in this area. 
It was expected that the study would draw general insights from the public about their reflections 
on product personalisation, from both monetary and emotional aspects. The author felt that, 
compared to standard mass-production products, a personalised product should render higher 
experiential and product benefits, and thus would provide higher value to the users. The study 
aimed to measure potential benefits acquired by the users through product personalisation based 
on the value taxonomy components described below:  
1. Hedonic Value: The personalisation process is likely to allow the end-users to meet 
hedonic needs by enjoying and acquiring emotional sensation from the activity.  
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2. Co-design Value: End-users are more likely to value the output of personalisation because 
of their active involvement in self-designing the product.  
3. Functional Value: The output of personalisation of products will be beneficial because the 
product meets specific needs to perform the functions desired by the end-users.  
4. Personal-expressive Value: Personalised products should provide opportunities for the 
end-users to express their image and personality when acquiring, displaying and using 
the products.  
5. Sensory Value: Personalisation provides opportunities for the end-users to present 
product aesthetics that evoke a sense of beauty and pleasure from the product.  
6. Unique Value: Personalisation should allow end-users to feel different from others through 
the composition and the display of products that demonstrate a distinctive character. 
7.1 Aims of Study 1 
The aims of Study 1 were: 
1) To investigate end-users’ perceptions of the value of personalised consumer product 
designs, measured through their willingness to pay (WTP) and purchase intention. 
2) To provide general insight from sampling the knowledge, awareness, attitudes, opinions 
or behaviour of the population (Creswell, 2014) towards the concept and value of product 
personalisation, from both monetary and emotional aspects.  
7.2 Method 
For Study 1, the value of personalised consumer products was obtained through use of a 
questionnaire survey. A quantitative method is an appropriate method for this study since the 
relative importance of some different features of a social phenomenon was being investigated 
(Bryman, 2012). A cross-sectional online questionnaire survey was prepared using Bristol Online 
Survey (BOS)6. There were several reasons for choosing an online questionnaire survey (Cohen 
et al., 2011), mainly because: 
1) It reduces cost (e.g. postage, paper, printing, etc.). 
                                               
6 Bristol Online Survey (BOS) is available at https://www.onlinesurveys.ac.uk/ 
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2) It reduces the time taken to distribute, gather and process data because the data can be 
processed automatically. 
3) It enables a wider and much larger population to be accessed. 
4) The software can prompt respondents to complete missing items. 
5) Respondents can complete the questionnaire at a place of their choosing. 
The advantages and disadvantages (Wright, 2006) of using an online questionnaire survey are 
stated below: 
Advantages: 
• Its ability to provide access to participants who would be difficult to reach through other 
channels. 
• Its ability to reach a larger number of participants, which would be impossible if using face-
to-face survey methods. 
• It allows researchers to reach more significant numbers of people in a short amount of 
time despite being separated by vast geographic distances. 
• Switching to an electronic medium from a paper format is a cost saver. 
Disadvantages: 
• The online questionnaire limits sample and respondent availability. It generates samples 
through virtual groups and individuals who have access to the internet and therefore does 
not reflect the whole population. 
• Potential participants tend to consider the invitation to participate in an online 
questionnaire as ‘spam’. 
The overall approach used in the study was based on the Contingent Valuation Method (CVM) 
(Mitchell and Carson, 1989). This is a simple and flexible non-market valuation method that is 
widely used in cost-benefit analysis as a way to elicit individuals’ willingness to pay (WTP) for 
benefits (Venkatachalam, 2004). The CVM’s implementation involves representatives from ‘users’ 
who are interested in product personalisation. The estimation of average WTP is performed based 
on individual users’ willingness to pay (Del Giudice and De Paola, 2016). Cummings et al. (1986) 
and Bateman and Turner (1993) formulated some guidelines when implementing CVM, namely: 
(i) using items that respondents are familiar with, (ii) respondents should have some valuation 
experience of the issues in question, (iii) the scenario used does not have a high degree of 
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uncertainty, and (iv) using estimated values (e.g. the price of the product) are likely to be more 
accurate than not using the estimated values. The answer mode of the questionnaire was closed-
ended (CE), where the respondents can choose their WTP from a range of predetermined values 
defined by the researcher (Del Giudice and De Paola, 2016). A Likert scale (Likert, 1932) was 
also used for answering some questions. The data obtained were tabulated and a descriptive 
analysis was performed to draw inferences from the sample. 
7.3 Sampling Strategy 
Study 1 recruited participants based on non-probability, convenience sampling. Convenience 
sampling was selected because it is the most appropriate way to access the targeted group given 
the limited time and resources available, and due to the explorative nature of the study. 
Convenience sampling involves the researcher choosing the nearest individuals to serve as 
respondents and continuing the process until the required sample size has been obtained (Cohen 
et al., 2011). As this approach does not represent any group apart from itself, the study did not 
intend to seek generalisability or to draw inferences about the wider population (Cohen et al. 
2011; Barratt et al. 2015). This survey relied on a small sample because the number of 
observations was generally considered as reasonable to be used in an elementary test (De 
Beuckelaer and Wagner, 2012). Thus, the survey did not allow for reliable statistical analysis as 
this was not the intention of the survey. 
The phenomenon known as sampling bias is a universal problem in research studies, as well as 
in the execution of the research planned. It is recognised that no study designs are completely 
exempt from bias (Krishna et al., 2010). Sampling bias means that in some systematic way the 
people responding to a survey are not representative of the target population as a whole (Fowler 
Jr. 2013). Thus, the bias will distort data and the result will not reflect the target population. To 
ensure the validity and reliability of the survey, the author has put every effort into minimising the 
differences between the samples and the target population. Therefore, the samples were 
deliberately made inclusive of various organisations, groups and individuals within the author’s 
network.  
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7.4 Participants 
In general, the study looked for a group of participants who could be considered as general ‘end-
users’ of consumer products that coincided with the term as used in the definition given by Shah 
et al. (2009) in section 2.1. Therefore, any members of the public who were the ultimate 
beneficiary of the usage of the products and had an interest in personalising products could 
participate in the study. The targeted characteristics of the participants were from various age 
groups, educational backgrounds and professions. The invitation for participation in the survey 
was sent through email to various organisations and individuals from the author’s personal 
contacts, as well as the author’s network in social media and LinkedIn groups of which the author 
is a member. The invitation also was sent to various departments in Loughborough University to 
capture audiences such as students (undergraduate and postgraduate) and university staff. The 
survey received feedback from several countries with most of the respondents coming from 
Malaysia and the UK. Smaller numbers of responses came from Thailand, Indonesia and Taiwan. 
The author also sent the questionnaire to online network groups in the United States and in other 
European countries but did not receive any responses. The reason behind this is unclear.  
7.5 Materials 
A cross-sectional online questionnaire was prepared using Bristol Online Survey (BOS). The 
subscription to BOS was provided by Loughborough University. The main advantages of using a 
university-provided online survey tool were because it had Loughborough University corporate 
branding, was SSL encrypted and came with a Loughborough-identity URL. The role of the 
questionnaire survey in this study was to provide a standardised enquiry across all subjects so 
that all respondents were asked appropriate and standardised questions (Brace, 2013). 
The questionnaire consisted of 23 questions (refer to Appendix 2). The questionnaire was 
constructed according to the guidelines established by Del Giudice and De Paola (2016), in which 
the questions: (i) related to respondents’ awareness about product personalisation, (ii) collected 
information about WTP, and (iii) gathered information about socio-characteristics of respondents 
that were relevant to product personalisation.  
To measure participants’ attitudes and behaviour regarding the concept and value of product 
personalisation, questions were based on the paired comparison technique. Respondents were 
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asked to answer the questions based on two types of product characteristics – standard mass-
produced product and personalised product – with the help of images and descriptions. The 
structure of the questionnaire is shown in Table 7-1. 
Table 7-1: The content of the questionnaire – Study 1 
No. of 
items 
Sections 
No. of 
questions 
1 Introduction   
2 Section 1: General Information 5 
3 Section 2: Assessing End-user’s Value Reflection on Personalised 
Function Features 
2 
4 Section 3: Assessing End-user’s Value Reflection on Personalised 
Self-expression Features 
2 
5 Section 4: Assessing End-user’s Value Reflection on Personalised 
Aesthetic Features 
2 
6 Section 5: Assessing End-user’s Value Reflection on Personalised 
Unique Features 
2 
7 Section 6: Assessing End-user’s Value Reflection on Interaction 
During Product Personalisation Process 
3 
8 Section 7: Assessing End-user’s Value Reflection on Sensation and 
Entertainment During Product Personalisation Process 
3 
9 Section 8: Attitude and Behaviour Towards Product Personalisation  4 
10 Thank you for your participation  
7.6 Procedure 
The survey was carried out between 6th July and 14th August 2015. As typical for an online survey, 
invitations were sent to potential respondents through email, social media and forums. A link to 
the questionnaire was attached to the invitation cover letter.  
In the invitation, the author described the purpose of the research survey, emphasising it as a 
requirement of the author’s PhD study. It was explained to potential respondents that they would 
need to spend 10–15 minutes to complete the questionnaire.  
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A statement that invited the potential respondents to resend the link to other groups and 
individuals was also included. The author’s email was attached to the invitation to allow potential 
respondents to ask any questions regarding any issues in the questionnaire.  
Once the respondents clicked the link, they would be taken directly to the questionnaire. An 
introduction page would appear first to explain the background of the study. Respondents would 
continue to answer the questionnaire from then on by clicking the ‘Next’ button, page by page.  
When they had finished answering the questionnaire, they would click the ‘Finish’ button and the 
questionnaire would be automatically submitted.  
7.7 Ethics 
According to Brace (2013), the ability for any researchers in social science studies to continue to 
use questionnaires as a source of data depends on the willingness of the public to give their time 
and cooperation to answer the questions, particularly in self-completion methods. By treating 
them honestly, openly and respectfully when designing the questionnaire, the researcher is able 
to obtain genuine research data from potential respondents, through involving and interesting 
questionnaire design (Brace, 2013). Based on the items required by the Data Protection Act 1998 
in the UK (UK Parliament, 1998), from the ethical standpoint, the questionnaire should clearly 
indicate the information specified by the guidelines below: 
i. The name of the organisation conducting the study is stated in the questionnaire. 
ii. Whether the data collected will be confidential or used at a personally identifiable level for 
other purposes, such as database building or direct marketing, and if so by whom and for 
what purposes. 
Other information guidelines explained by Brace (2013) are: 
i. The subject area that is being investigated. 
ii. Whether the subject area is particularly sensitive. 
iii. The likely length of the questionnaire. 
iv. Any cost to the respondents, i.e. paying for internet connection on a per-minute basis. 
v. Respondent’s rights to know how they were sampled or where the research organisation 
obtained their name and contact details. 
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vi. The right of respondents to not answer the questionnaire as their participation is on a 
voluntary basis. 
vii. An ethical approach towards respondents. 
This information is required by potential respondents to inform them about the study in which they 
are participating. This is to enable them to decide whether or not to participate in and cooperate 
with the study. The researcher made every effort to follow the guidelines when designing the 
questionnaire. 
7.8 Pilot Study 
Three participants, including postgraduate students from the Design School and one member of 
the general public, were selected for piloting the questionnaire. The selected participants were 
people who have abilities and background similar to the requirements stated in section 7.4. To 
achieve the final design of the questionnaire, several issues and recommendations were 
highlighted by the participants. The issues discovered in the pilot survey were: 
1. The examples of the paired images (the standard and the personalised design) used in 
the study were not comparable and the images did not quite match with the characteristics 
defined in the value taxonomy.  
2. The descriptions of the product characteristics for both standard and personalised design 
were too general and vague. 
3. A scaled item (e.g. Likert scale) should have been added to answer choices to allow the 
respondents to choose a point on a scale that best represented their opinion. 
4. There were too many questions and dimensions to be assessed. Thus, it contributed to 
an inappropriate length of the survey, thus reducing respondents’ focus in answering the 
survey. 
5. Open-ended questions should have been provided in each section allowing respondents 
to express their views regarding the issues in question. 
Feedback from the participants resulted in several amendments to the initial design of the 
questionnaire. This was done through thorough discussions with the author’s supervisors. The 
highlighted issues were amended to bring clarity to the items. Several items were excluded, and 
others were added. The amendments that were made were as follows: 
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1. The examples of the paired images were thoroughly selected and replaced by choosing 
the items that respondents were familiar with, tallied to the characteristics outlined in the 
value taxonomy. 
2. The descriptions of the product characteristics for the standard and personalised designs 
were revised by precisely describing the features of both, tallied to the characteristics 
outlined in the value taxonomy. An estimated value of the product was also revised to 
ensure the values of the products were estimated accurately.  
3. A rating method using a Likert scale was added to allow the respondents to indicate their 
opinions easily in response to the question being asked. 
4. The number of questions was reduced, and the sections were rearranged; the items 
remaining were focused on the core of the enquiry.  
5. Open-ended questions were included in each section to capture issues that might have 
escaped unnoticed. 
 A second pilot survey using the revised version of the questionnaire was carried out with the 
same participants. The feedback gathered from the participants indicated that the only further 
change needed was to reduce the grammatical errors in the survey. This was done after the pilot 
survey was completed. 
7.9 Survey Results 
The survey in Study 1 attracted 101 participants (N = 101) throughout its duration, covering a 
broad range of ages, education levels and working experiences. One respondent did not fully 
complete the questionnaire and was discarded from the results. The highest number of 
respondents were from ages between 25 and 44 years. They constituted 84% of the total number 
of respondents. The education levels of respondents were quite high; 95% of the respondents 
were at least first-degree holders. The significant percentage of high educational backgrounds 
amongst the respondents in the survey may indicate the greater interest of particular groups in 
product personalisation derived from their maturity, awareness and ‘openness’ about tailoring a 
product according to personal needs. The detail breakdown of respondents according to age and 
education levels are contained in Appendix 3.  
In the survey, respondents were asked about their employment status and whether their current 
job involved designing consumer products. The results of the questionnaire show that 55% of the 
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respondents were full time employees and 78% of their jobs were not related to designing 
consumer products. Based on the results, it was apparent that most participants in the survey 
were non-designers. The details of the results are shown in Appendix 4. 
To complement the question about respondents’ employment status, they were asked to provide 
the type of organisation in which they worked. The purpose of this questionnaire was to identify 
the types of industry they worked in as this would provide information about the nature of 
respondents’ jobs. Details of the results are shown in Appendix 5. The results show that 40% of 
the respondents were from the education sector. The large contribution of these types of 
organisations was due to the researcher’s personal networks, which were mostly in this sector. 
They were either employees or full time/part time students. Nevertheless, responses from other 
types of sectors, such as research and development (R&D), manufacturing and production, and 
government were also pertinent to capture their reflections in this study. 
The survey also asked respondents whether they had any experience of participating in product 
personalisation activities. Based on the results, 62% of the respondents admitted that they had 
experience in product personalisation activity (refer to Appendix 6). Generally, this indicates that 
most respondents already had basic knowledge and experience of personalising a product or 
service. 
7.9.1 Assessing End-Users’ Value Reflection on Personalised Function Features. 
This section assessed respondents’ value reflection about their WTP for personalised functional 
features. The aim was to investigate their WTP towards personalised functionality or utility that 
enhances performance through personalisation, in comparison to a standard mass-produced 
product. Samples of a standard mass-produced design and a personalised design of a fixie bike 
(city bicycle) were shown. A pair of statements describing the characteristics of these samples 
was given. Respondents were told that the price for the standard mass-produced design of the 
fixie bike was £300 per unit. Respondents were required to make comparisons between the 
standard design and the personalised fixie bike, based on the ability of the product to meet the 
performance they required. They were asked to indicate their additional WTP price for each 
personalised functional feature of the fixie bike, using a range of WTP options. The feedback for 
the personalised features was collated and analysed. The results of the questionnaire are shown 
in Table 7-2. 
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Table 7-2: Willingness to pay extra for personalised function features 
Personalised features 
WTP (£) 
No 
Extra 
≤ £50 
£51-
£100 
£101-
£150 
£151-
£200 
 ≥ £201  
a) Personalised saddle design 
for seating comfort. 
12% 47% 23% 8% 6% 4% 
b) Bespoke paintwork and 
finishes on the frame. 
42% 29% 13% 11% 3% 2% 
c) Personalised text printed on the 
frame and rims. 
55% 32% 9% 2% 1% 1% 
d) Tailoring bike size fit to end 
user’s body measurement. 
10% 22% 23% 24% 9% 12% 
e) Carbon fibre frame for 
lightweight and competitive 
riding. 
20% 11% 23% 22% 8% 16% 
f) Electronic shifter on gears and 
brakes components. 
22% 15% 22% 19% 10% 12% 
g) Stronger and lighter wheel set. 19% 19% 26% 10% 13% 13% 
       
Average score  0.26 0.25 0.20 0.14 0.07 0.09 
Median  0.20 0.22 0.23 0.11 0.08 0.12 
Std. deviation  0.17 0.12 0.06 0.08 0.04 0.06 
Overall, Table 7-2 shows a mixed response from the respondents about their willingness to pay 
for personalised functional features. The results revealed that the average WTP score decreased 
as the amount of the WTP increased. On average, 26% of respondents indicated that they were 
not willing to pay anything extra for personalised functional features (average score of 0.26). This 
was closely followed by a WTP ≤ £50 with an average score of 0.25, and a WTP between £51 
and £100 with an average score of 0.20. The results also indicated that a small number of the 
respondents were willing to pay over £200 for personalised functional features with an average 
score at 0.09. Based on the results, it can be postulated that respondents were only willing to pay 
extra for personalised functional features if the features closely met their needs. 
Based on respondents’ earlier responses, they were asked about their future purchase intention 
for personalised products with enhanced performance. As shown in Figure 7-1, 71% of 
respondents were at least likely to buy such a product. This shows that most respondents were 
interested in personalised functional features if the product were to offer these additional benefits 
at a price they were willing to pay.  
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Figure 7-1: Purchase intention for product with personalised functional features 
7.9.2 Assessing End-Users’ Value Reflection on Personalised Self-Expression Features. 
This section assessed the respondents’ value reflection about their WTP for personalised features 
that increase personal expression. The aim was to investigate their perceived WTP towards 
enhancing personality and self-image through personalisation in comparison to a standard mass-
produced product. Samples of a standard mass-produced design and a personalised design of 
knee-high boots were shown to respondents. A pair of statements describing the characteristics 
of these samples was given. Respondents were told that the price for the standard mass-
produced design of knee-high boot was £100 per unit. Respondents were required to make 
comparisons between the standard design and the personalised knee-high boot based on the 
ability of the product to illustrate the self-expression they required. Respondents were asked to 
estimate how much extra they would be willing to pay for specific personalisation features, using 
a selection of willingness to pay (WTP) options. The feedback for the personalised features were 
collated and analysed. The results of the questionnaire are shown in Table 7-3. 
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Table 7-3: Willingness to pay extra for personalised self-expression features 
Personalised features 
WTP (£) 
No 
Extra 
≤ £50 
£51-
£100 
£101-
£150 
£151-
£200 
≥ £201 
a) Thicker outsole to get more robust 
shape. 
54% 29% 14% 1% 1% 1% 
b) Changing the front toe shape to be 
more rectangular for more muscular 
appearance. 
69% 17% 10% 3% 1% 0% 
c) Extra padding and tighter opening to 
get more appealing leg shape. 
47% 28% 20% 3% 0% 2% 
d) Changing from typical laces to metal 
type buckle with spike design to give 
stronger character. 
66% 24% 9% 0% 1% 0% 
e) Chrome finishing at outsole for 
additional character. 
68% 18% 11% 3% 0% 0% 
       
Average score  0.61 0.23 0.13 0.02 0.01 0.01 
Median  0.66 0.24 0.11 0.03 0.01 0.00 
Std. deviation  0.10 0.06 0.04 0.01 0.01 0.01 
Based on the Table 7-3, a substantial majority of the respondents indicated that they were not 
willing to pay anything extra for all but one of the personalised self-expression features. A WTP 
nothing extra gained the highest average score of 0.61. This was followed by WTP ≤ £50 with an 
average score of 0.23. The average scores of WTP decreased rapidly as the amount of WTP 
increased. The results suggest that respondents had low interest in personalisation to illustrate 
their personality and to increase self-image. This contributes to the low average score of WTP 
above £100. Respondents might have thought that these attributes had less impact on the 
contribution of added value to the personalised product. An alternative explanation is that the 
most respondents were just not interested in purchasing personalised knee-high boots. 
Based on respondents’ earlier responses, they were also asked about their purchase intention for 
a personalised product that could represent their personal expression in the future. Figure 7-2 
shows that 66% of respondents were either somewhat likely or very unlikely to buy such a product. 
This could be further evidence for a general level of unwillingness to purchase personalised knee-
high boots. Despite this, a significant minority of respondents indicated that they were likely to 
buy a product with personalised self-expression features (32%), and 7% of respondents indicated 
that they were more likely to buy such a product. 
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Figure 7-2: Purchase intention for product with personalised self-expression features 
7.9.3 Assessing End-Users’ Value Reflection on Personalised Aesthetic Features 
This section assessed respondents’ value reflection about their WTP for personalised aesthetic 
features. The aim was to investigate their perceived WTP towards the sense of beauty and 
sensory pleasure when enhancing a product’s aesthetics through personalisation in comparison 
with a standard mass-produced product. Examples of a standard mass-produced design and a 
personalised design of table lamps were used. A pair of statements describing the characteristics 
of these examples was given. Respondents were told that the price for the standard mass-
produced design of the table lamp was £70 per unit. Respondents were required to make a 
comparison of both designs based on the products’ ability to reflect the sense of beauty they 
required. Respondents were also asked to indicate their additional WTP price for each 
personalised feature, were they to buy the personalised table lamp, using a selection of WTP 
options. The feedback for the personalised features was collated and analysed. The results of the 
questionnaire are shown in Table 7-4. 
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Table 7-4: Willingness to pay extra for personalised aesthetic features 
Personalised features 
WTP (£) 
No 
Extra 
≤ £20 
£21-
£40 
£41-
£60 
£61-
£80 
≥£81  
a) Fabricated from fine and very 
pleasant looking material. 
18% 31% 26% 15% 6% 4% 
b) Able to choose attractive and 
beautiful colours. 
14% 37% 25% 14% 8% 2% 
c) Personalised shade design with 
creative and delightful shape. 
13% 32% 24% 15% 12% 4% 
d) End-users determine their own 
shade size. 
19% 32% 16% 22% 6% 5% 
       
Average score  0.16 0.33 0.23 0.17 0.08 0.04 
Median  0.16 0.32 0.25 0.15 0.07 0.04 
Std. deviation  0.03 0.03 0.05 0.04 0.03 0.01 
Based on the results shown in Table 7-4, most respondents were willing to pay something extra 
for personalised aesthetic features. The highest average score was for a WTP up to £20, at 0.33. 
This was followed by a WTP between £21 and £40 with an average score of 0.23, and a WTP 
between £41 and £60 with an average score of 0.17. In addition, respondents thought that they 
would be willing to pay even more for specific types of personalised features, e.g. 37% would pay 
up to £20 to be able to choose a specific colour. Personalisation aimed at increasing choice of 
aesthetic features seems to be regarded as particularly valuable, as shown by the higher 
willingness to pay extra for certain personalised aesthetic features. 
Based on respondents’ earlier responses, they were also asked about the likelihood of them 
purchasing in future a personalised product that reflected a sense of beauty, to enhance 
aesthetics. Based on Figure 7-3, a large majority of the respondents were at least likely to do so 
(78%). Based on these results, offering a personalised product with the ability to enhance 
aesthetic features is definitely a strong contender for attracting end-users’ interest to participate 
in product personalisation. 
107 
 
 
Figure 7-3: Purchase intention for product with personalised aesthetic features 
7.9.4 Assessing End-Users’ Value Reflection on Personalised Unique Features. 
The section assessed respondents’ value reflection about their WTP for personalised unique 
features. The aim was to investigate their perceived WTP extra towards the creation of symbolic 
attributes that create attention and interest and to express individual peculiarity through product 
personalisation, in comparison with a standard mass-produced product. Examples of a standard 
mass-produced design and personalised design of a family transporter vehicle were shown to the 
respondents. A pair of statements describing the characteristics of these examples was given. 
Respondents were told that the price for the standard mass-produced design of the family 
transporter was £15,000 per unit. Respondents were required to make a comparison of both 
designs based on the product’s ability to reflect the uniqueness that they required from the 
product. Respondents were also asked to indicate their additional WTP price for each 
personalised feature, were they to buy the personalised unique features of the family transporter, 
using a selection of WTP options. The feedback for the personalised features was collated and 
analysed. The results of the questionnaire are shown in Table 7-5. 
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Table 7-5: Willingness to pay extra for personalised unique features 
Personalised features 
WTP (£)  
No 
Extra 
≤ 
£500 
£501-
£1000 
£1001-
£1500 
£1501-
£2000 
≥ 
£2001  
a) Personalised text on the body. 71% 18% 5% 6% 0% 0% 
b) Bespoke paintwork and finishes on 
the body. 
32% 40% 14% 7% 5% 2% 
c) Personalised graphic design 
motifs. 
55% 22% 15% 3% 4% 1% 
d) Larger and sportier wheel set. 27% 25% 27% 10% 9% 2% 
e) Adjustable wheel suspension 
system. 
27% 22% 26% 11% 10% 4% 
f) Customised roof rack and ladders. 37% 29% 17% 10% 6% 1% 
g) Customised side door step. 43% 23% 18% 12% 3% 1% 
       
Average score  0.42 0.26 0.17 0.08 0.05 0.02 
Median  0.37 0.23 0.17 0.10 0.05 0.01 
Std. deviation  0.16 0.07 0.08 0.03 0.03 0.01 
Based on Table 7-5, a large proportion of the respondents indicated that they were not willing to 
pay extra for any of the listed features. This is indicated by the high average score of 0.42 given 
for the no extra WTP option. This apparently indicates that many respondents did not think that a 
distinctive character in the product would enhance its uniqueness value. However, a reasonable 
number of respondents indicated that some personalised unique features provided additional 
value to them, e.g. 40% would pay up to £50 for a bespoke body finish. Other options were also 
reasonably desirable as indicated by the average score of 0.26 for a WTP up to £500 and an 
average score of 0.17 for a WTP between £501 and £1000. Based on the results, it can be seen 
that although some respondents felt that paying extra for unique features was not a worthwhile 
investment, more respondents were willing to pay something extra for personalised unique 
features. This suggests that respondents would be willing to pay extra if the features clearly 
demonstrated a distinctive character that was of particular interest to them. 
Based on respondents’ earlier responses, they were asked about their purchase intention for a 
personalised product that could reflect its uniqueness. Figure 7-4 shows that a significant 62% of 
respondents were at least likely to buy products with personalised unique features. It can be 
concluded that most respondents showed interest in a personalised product with unique attributes 
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Figure 7-4: Purchase intention for product with personalised unique features 
7.9.5 Assessing End-Users’ Value Reflection on Interaction During Product 
Personalisation Process 
This section assessed respondents’ value reflection on co-designing features during the product 
personalisation process. The aim was to investigate their perception of the interaction during the 
co-designing process of product personalisation in comparison with the standard design process. 
Illustrations of both the standard design process and the personalisation design process were 
shown to the respondents. A pair of statements describing the characteristics of these processes 
was also given. Respondents were asked about the importance of interaction attributes, were 
they to personalise their own product. Based on the interaction attributes, they were asked to rate 
each of the attributes using a Likert scale of 1 to 5, where 1 indicated ‘Not Important’ and 5 ‘Most 
Important’. The feedback was collated, and the scores were averaged across all respondents. 
The results are shown in Figure 7-5. 
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Figure 7-5: The importance of interaction attributes during personalisation process 
The results in Figure 7-5 show that respondents rated a reasonably high average score for all 
interaction attributes. This suggests that respondents regarded all interaction attributes in a 
personalisation activity as being somewhat important. The attribute ‘self-designed product for a 
closer fit to individual needs’ had the highest average score of 3.33, suggesting that it was 
regarded as the most important element in the product personalisation process. This is possibly 
because it allows end-users to exercise control over how closely the product fits their specific 
needs. It was closely followed by ‘end-user actively participates as co-designer’ at 3.22, which 
reflects a desire to participate actively as the co-designer of products as seen by Yavari et al. 
(2015). The third ranking attribute was ‘end-user makes creative choice’ at 3.18.  
The attribute with the lowest average score was ‘end-user alters designs themselves’ with an 
average score of 2.82. This result indicates that end-users need not necessarily be given full 
autonomy to create their design from scratch. Creative cooperation with designers at an early 
stage of the process is still needed because they need assistance from designers to support them 
in preparing the basic forms and functional features of products (Steen et al., 2011). At a later 
stage, designers could then hand over the design process to the end-user to allow them to be 
involved in self-design activities. This will enable them to gain experience by working on and 
finishing the designs. In other words, end-users could be given a deliberately limited role in design 
alteration during the design process. Such a limited role in the alteration of the product during 
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personalisation activities would be sufficient to make the product unique whilst still keeping its 
primary functionality intact. It would still allow them to enjoy the experience of using their own skill 
to produce the design ‘with their own hands’ (Campbell and Bernabei, 2017).  
Respondents were also asked about their willingness to participate in a creative co-operation with 
designers to personalise their own design, even though this might involve extra effort for them. 
They were asked to rate their opinion on a scale of five from ‘Not at All’ to ‘Definitely Yes’. The 
results are shown in Figure 7-6. 
 
Figure 7-6: Willingness to participate in creative cooperation process to personalise own design 
Overall, Figure 7-6 shows that the majority of respondents thought that they would be willing to 
participate in creative cooperation with designers to personalise their own designs. 22% of 
respondents were sure that they were willing to participate, while another 41% were somewhat 
willing to be involved in personalisation activities. The responses suggest that interaction with the 
product through personalisation aroused interest from most respondents. This would provide a 
second means for value to be added via the personalisation as users would seek to be deliberately 
involved in the development of the product and not just dependent on the designer to finish the 
design (Mugge et al., 2009b; Sinclair, 2012).  
Based on their earlier responses, respondents were also asked about their future intentions to 
purchase a personalised product that required their interaction with the product design. The 
results are shown in Figure 7-7. Based on the results, 77% of the respondents thought that they 
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were at least likely to buy a personalised product that required their interaction. 16% of the 
respondents thought that they were very likely to buy a personalised product in such 
circumstances, about one sixth of the total. These results suggest that future development of 
personalisation in consumer product design could attract a large number of end-users to become 
involved. 
 
Figure 7-7: Purchase intention for personalised product that requires interaction with the product  
7.9.6 Assessing End-Users’ Value Reflection on the Sensation of Entertainment During the 
Product Personalisation Process. 
This section assessed respondents’ value reflection on hedonic features during the product 
personalisation process. The aim was to investigate their perception of the sensory experience 
that reflects the joy of participating in the product personalisation process in comparison with the 
standard design process. Examples of the standard design process and personalisation design 
process were shown to the respondents. A pair of statements describing the characteristics of 
these examples was also given. Respondents were asked about the importance of various 
entertainment attributes, were they to personalise their own products. They were asked to rate 
each of the entertainment attributes using a Likert scale of 1 to 5, where 1 meant ‘Not Important’ 
and 5 ‘Most Important’. The scores were averaged across all respondents and the results are 
shown in Figure 7-8. 
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Figure 7-8: The importance of entertainment attributes during personalisation process 
Overall, the results in Figure 7-8 show that respondents gave a reasonably high average score to 
all the entertainment attributes listed in the questionnaire. The ‘feeling of accomplishment in 
owning design’ received the highest average score of 3.64, closely followed by ‘to feel pleasure 
by doing your own things’ at 3.63, and ‘to have a fun experience’ at 3.61. However, all the 
attributes received very similar average scores. This apparently indicates that respondents 
regarded all attributes as having a similar level of importance. Overall, the results suggest that 
when considering participation in a co-design activity, respondents thought that they would be 
able to experience a sense of enjoyment.  
Respondents were then asked about their willingness to participate in product personalisation in 
order to experience the enjoyment of creating something, even though this might involve extra 
effort for them. They were asked to rate their opinion on a scale of five, from ‘Not at All’ to 
‘Definitely Yes’. The results are shown in Figure 7-9. 
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Figure 7-9: Willingness to participate in product personalisation to experience the enjoyment of 
creating things 
Overall, Figure 7-9 shows that a majority of respondents showed willingness to participate in 
product personalisation to experience the enjoyment of creating things. The figure shows that 
21% of the respondents were definitely willing to participate in product personalisation, while 43% 
were somewhat willing to participate. Results obtained from Figure 7-9 indicate that most end-
users expected the personalisation process to be fun and exciting, and that it would provide a 
new opportunity to fulfil their hedonic needs. These hedonic elements are important in 
encouraging end-users to keep trying to produce the desired design until they complete the task. 
Without this, the personalisation process will be perceived as bland, uninteresting and perhaps 
even tedious. 
Based on their earlier responses, respondents were asked about their future intentions in regard 
to a purchasing a personalised product that would involve them in an enjoyable, creative process. 
Results in Figure 7-10 show that 14% of respondents were ‘Very Likely’ to buy a personalised 
product that enabled them to enjoy the personalisation process. This was followed by respondents 
who thought they were ‘More Likely’, with a percentage of 41%, and ‘Likely’ at 32%. This result 
suggests that hedonic elements were regarded as valuable by respondents, and one of the ways 
to achieve this is through a well-designed product personalisation process. 
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Figure 7-10: Purchase intention of personalised product that enables them to enjoy creating 
things in the future 
7.9.7 The Key Value of Product Personalisation 
This section investigated respondents’ attitudes and likely behaviour towards product 
personalisation. The aim was to measure the potential key values of product personalisation 
perceived by respondents. The respondents were given a list of statements describing product 
personalisation. The descriptions were based on the six value components classified in the value 
taxonomy of product personalisation developed in Chapter 6. Based on the statements, 
respondents were asked to rate the extent to which they agreed with each of the statements using 
a Likert scale of 1 to 5, where 1 was ‘Strongly Disagree’ and 5 was ‘Strongly Agree’. The scores 
were averaged across all respondents and the results are shown in Figure 7-11. 
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Figure 7-11: Respondents evaluation on the value of Product Personalisation  
Figure 7-11 reveals that respondents gave reasonably high average scores to all six value 
components. This indicates that respondents regarded all value components as being of similar 
importance. Co-design Value had the highest average score of 3.95, followed by Functional Value 
at 3.93. Sensory Value had the lowest average score of 3.57.  
From the aspect of Product Value, the results suggest that respondents sought personalised 
products with high Functional Value slightly more than the other three value components 
(personal-expression, sensory and unique). This implies that respondents would first look for a 
personalised design that had characteristics which ensured good functional performance. As 
such, personalised design provides the opportunity of a high match to the user’s functional fit. 
The design helps to increase the effectiveness of its utilitarian purposes and to increase its 
usefulness according to the user’s desire. To achieve this, designers or engineers could make 
use a variety of design features, such as a modifiable product form and shape, using bionic 
structures to reduce weight, integrating structural features, and part consolidation to achieve a 
high functional value of the personalised product (Maidin et al., 2012).  
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Respondents also thought that Experiential Value was important when end-users are actively 
involved in the personalisation process. As shown in Figure 7-11, the Co-design Value and 
Hedonic Value components received average scores of 3.95 and 3.78, respectively. These results 
indicate that respondents placed a high perceived value on interaction with the product. They 
expected to have some role in the design activity that enabled them to contribute some effort and 
allowed them to specify design features that best suited them. Co-design processes also involve 
the end-user’s emotional input during their participation in personalisation activities (Normark and 
Mankila, 2013). By doing so, they expect to feel the sensation of enjoyment: fun, pleasure and 
fulfilling their creative desires from those activities. Thus, it contributes to the feeling of 
accomplishment when they complete the design. 
7.9.8 Discussion 
Study 1 attempted to investigate and obtain general insights from potential end-users about their 
perceived value of personalised products through their willingness to pay (WTP) and their 
purchase intentions for specific personalised features in the design. The analysis of this study 
was based on the six types of value components defined in the value taxonomy of product 
personalisation, measured from both financial and emotional perspectives. This study discovered 
that when end-users think about product personalisation activities they perceive some added 
value as indicated by their willingness to pay a premium price for specific personalised features. 
Respondents were rather selective in their choice of personalisation features that could be 
regarded as value for money. They saw personalisation features as valuable only if those features 
were precisely met their individual needs. Although the results in the study suggest that some 
respondents were willing to pay an additional amount for personalised features, it was usually 
limited to a relatively small amount. 
From the Product Value aspect, the study found that respondents regarded personalised 
aesthetic and personalised function features as the most valuable components for personalised 
consumer products. This was shown by their feedback for willingness to pay (WTP) for suggested 
features of this nature. This suggests that respondents regarded Sensory Value and Functional 
Value as the most important value components in product personalisation. Consequently, they 
also contributed to a high purchase intention to obtain such products. With regards to Experiential 
Value, feedback from the respondents shows that creative cooperation with designers, direct 
interaction between individual and product, and a sense of enjoyment contributed to higher 
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experiential value for end-users. Thus, end-users were likely to value the output of personalisation 
more if they enjoyed the interaction during their involvement in personalising the product. 
Although the study showed that most respondents regarded personalised products to have a 
higher value than standard products, they were not always willing to pay very much extra for this 
personalisation. This seemed somewhat contradictory and required further investigation.  
A limitation of this study was that it only involved a simulated experiment. Participants could only 
provide their feedback based on their opinion without the opportunity for hands-on experience. 
Thus, it might lead to a hypothetical bias in the outcome of the study. The examples of products 
used in the study might not suit everyone. Thus, it may also lead to a tendency to be biased 
towards particular user types. However, the results were helpful in shedding light on perceived 
value of personalised products and therefore useful for future studies in this area. The results of 
Study 1 proved to be vital in supporting the ongoing progress of this research. Future studies 
could now be carried out in an experimental design setting by involving participants in real 
situations, enabling the results to be used to verify the more hypothetical results of this study. 
7.10 Summary  
An explorative study to investigate end-user attitudes and reflections about the value of 
personalising products was carried out by gathering and analysing the data obtained. The 
implications of the study has been discussed and summarised. In conclusion, it can be understood 
that through product personalisation, end-users are able to see added value in taking general 
product designs and tailoring them to their specific needs. This typically involves end-users 
modifying standard products to produce bespoke products, designed with one user in mind, to 
meet the particular needs of individual and not anyone else (Campbell et al., 2013). 
Corresponding to this, AM/3D printing is perhaps one of the best approaches to creating an infinite 
number of choices for one feature or a few features to fulfil the demands of the user. With AM, 
each particular feature may potentially have different functionality, aesthetics or user-fit that could 
make every product using AM unique in some way (Campbell et al., 2013). It was now necessary 
to see how the value of personalised consumer product design could be enhanced through the 
use of AM technology, which was the topic of the investigations reported in the next chapter. 
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CHAPTER 8  
EVALUATING THE VALUE OF PRODUCT PERSONALISATION FACILITATED THROUGH 
AM 
8.0 Introduction 
Chapter 7 investigated end-users’ reflections on the value of personalised consumer product 
design. This was done by collecting data through a survey, and their responses about the value 
of personalised products were measured through their willingness to pay (WTP) and purchase 
intentions. This chapter presents another scenario: end-users’ direct involvement in the process 
of personalising a product and having it fabricated using AM. The experimental study in this study 
– referred to as Study 2 – was expected to shed further light on end-users’ perceived value of 
personalised AM products. 
In the era of digital technology, there is a need for some non-experts to design, manufacture, and 
personalise their products by themselves (Turbovich et al., 2017). As a stand-alone manufacturing 
technology, AM offers users the ability to create and personalise goods, thereby making this 
technology more attractive compared to others (Turbovich et al., 2017). It enables people to 
design and make their own products, if standardised products cannot meet their needs. AM is 
capable of producing product variety to meet the needs of these users (Desai and Magliocca, 
2014).  
This thesis has thus far argued that AM has the potential to increase the value of personalised 
consumer products by rendering higher experiential and product benefits to end-users, in 
comparison to standard mass-produced products. This chapter addresses this argument by 
investigating end-users’ reflections on the value of personalised consumer products they 
designed and then had fabricated using AM. In order to evaluate the value of the personalised 
consumer AM products, the value taxonomy based on Study 1 was used. However, a modification 
was made on the definition by considering AM in each of value taxonomy. This is to ensure that 
the characters measured are relevant to the aims of this study. The value of the personalised AM 
product was measured through the six value components from the new value taxonomy, as 
described below:  
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1. Hedonic Value: The personalisation process through AM-enabled design tools is likely to 
allow the end-users to enjoy their interaction while fulfilling their design idea. 
2. Co-design Value: The personalisation process through AM-enabled design tools may 
increase the end-user’s interaction with the product and enable them to explore further 
personalised features in the design. 
3. Functional Value: Personalised AM products can help end-users to enhance the 
performance and functionality of the product. 
4. Personal-expressive Value: Personalised AM products can provide opportunities to 
express the end-user’s self-image. 
5. Sensory Value: Personalised AM products can provide opportunities to present product 
aesthetics that evoke the sense of beauty and pleasure demonstrated by the complexity 
of shapes and appearances. 
6. Unique Value: Personalised AM products will allow end-users to feel different from others 
through the composition and the display of products that demonstrate a distinctive 
character. 
The following sections outline the methodology of the study, followed by an analysis of the 
responses gathered from the experiment. Finally, the chapter synthesises the most important 
findings and presents a summary of the study. 
8.1 Aims of Study 2 
The aims of Study 2 were: 
1) To investigate end-users’ perceived value of personalised products made with AM-
enabled design tools and systems.  
2) To measure end-users’ reflections on the value of 3D-printed personalised products based 
on two main value components – Experiential Value and Product Value. 
3) To provide quantitative data and draw inferences from the sample on trends, 
characteristics, attitudes, opinions or behaviour of the wider population (Creswell 2014) 
about the value of personalised products made using AM technology.  
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8.2 Method 
A quantitative method using an experiment involving participants was chosen for Study 2 since 
the issue of causality to explain the outcomes was under investigation (Cohen et al., 2011). To 
evaluate the value of 3D-printed personalised products, the value taxonomy developed in Chapter 
6 was used as a basis to measure value levels obtained directly from the participants. The study 
implemented non-random sampling by selecting participants. Thus, the procedure used was 
quasi-experimental. The essential feature of an experimental study is that the researcher 
deliberately controls and manipulates the experimental conditions, introduces interventions and 
measures the outcomes (Cohen et al., 2011). The experiment adopted an exploratory One-group 
Post-test-only Design (X O1), where an intervention (X) was implemented and a post-test 
observation (O1) was taken. The selection of One-group Post-test-only Design has been justified 
in Chapter 5 (see section 5.5.2). 
Potential participants that met the terms of reference (see section 8.4) were selected to participate 
in two separate sessions: (i) a product personalisation activity, and (ii) product assessment and 
evaluation. By using a self-completion questionnaire, open-ended and closed-ended questions 
were used to collect data. To obtain an estimation of an individual’s willingness to pay (WTP), the 
Contingent Valuation Method (CVM) was used as the measurement approach. For CVM, open-
ended (OE) questions were used, where the participants could express their WTP freely without 
receiving any indication from the researcher (Del Giudice and De Paola, 2016). Multiple-choice 
and Likert scales were also used for answering some of the questions. The data obtained was 
tabulated and descriptive analysis was carried out to draw inferences from the sample. 
Each participant was asked to personalise a consumer product design based on several 
predetermined design options using existing easy-to-use, web-based design toolkits (see Table 
8-1 in section 8.5 for more details). These design toolkits were selected because they offered 
easy-to-use design interfaces (Turbovich et al., 2017), they were free, and were easy to learn by 
inexperienced users (Sinclair, 2012). Participants were allowed either to create their own design 
or to personalise a design based on the basic 3D modelling templates given in the design toolkit. 
Participants were required to complete a questionnaire at the end of both sessions. To fabricate 
the parts being designed, it was decided to use the laser sintering (LS) technique to permit a high 
degree of design freedom and to obtain a good level finish for the final product. Therefore, all final 
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personalised products were made using polymer-based powders and fabricated by 3D printing 
service bureaus who were operating LS. 
8.3 Sampling Strategy 
This exploratory study selected participants based on non-probability, purposive sampling. 
Participants were chosen based on the consideration of characteristics being sought. The 
purpose was to focus on specific and unique issues or cases, where individuals were studied in 
order to yield insights that might have wider applications (Cohen et al., 2011). In this case, the 
focus was on personalisation of products made using AM technology.  
Specific cost limitations were imposed on the experiment. The personalised designs were to be 
printed through service bureaus. Due to budget constraints, the cost of printing the final 3D-printed 
products had to be within an overall allocated budget of £500. Due to this condition, the 
experiment was able to allow a sample size of only 10 participants, thus justifying the use of 
purposive sampling.  
8.4 Participants 
In Study 2, a specific and unique group of participants was required. Participants with an interest 
in personalising 3D objects with AM-enabled tools and systems were the top priority for the 
selection. Several other criteria were also used during selection, as below: 
1) Participants with little or no formal experience in designing or using 3D-printing software 
and hardware were categorised as non-expert users.  
2) Participants who were not professionally trained or practicing industrial/product design in 
their full-time career.  
3) Participants aged between 18 and 60 years old. 
Participants were invited through posters placed in strategic areas in Loughborough. Personal 
invitations were also sent by email to various groups and individuals from the author’s personal 
contacts and social media networks. Participants were required to reply to the advertisement by 
making contact through the information given in the advertisement. The contents of the poster 
‘calling for participants’ and the covering letter were as follows: 
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i. Why the experiment was being conducted. 
ii. Who was doing it? 
iii. The purpose of the experiment. 
iv. The requirements for participants. 
v. What would happen in the experiment? 
vi. How long the experiment would take to complete. 
vii. List of products to choose from. 
viii. Reward for participating (receiving their personalised product). 
Once the participants agreed to participate, appointments were made to arrange the date, time 
and place for the study. The experiments were held in a natural setting rather than in a laboratory, 
but where variables could be isolated, controlled and manipulated (Cohen et al., 2011). Following 
this, places that participants felt convenient to carry out the experiment were considered, although 
the study was preferably held in Loughborough Design School. Ten participants (n  = 10; 6 males, 
4 females) meeting the above criteria were selected.  
8.5 Design Toolkits 
Several types of existing easy-to-use, web-based design toolkits were used. Web-based design 
toolkits were selected because they provided easy access for the participants through the internet. 
A web-enabled Lampshade Customisation Toolkit developed in Loughborough Design School 
was also used in this study (Yavari, 2017). Three product categories from the consumer product 
market were selected, namely Household Goods, Jewellery and Gadgets. The rationale for 
choosing these product categories was that they constitute a large part of the personalised 
product market currently being addressed by the 3D-printing community (3D Hubs, 2015). The 
criteria for choosing products to be personalised were:  
(i) The products must be able to be produced using a 3D-printing process.  
(ii) The 3D-modelling designs must be able to be physically or parametrically modified by 
participants using existing AM-enabled design toolkits. 
(iii) The cost of all 3D printing must be within the budget limitation of £500. Therefore, the 
products chosen had limitations on size and material types. 
The list of web-based design toolkits and products types for participants to choose from are listed 
in Table 8-1: 
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Table 8-1: The list of web-based design toolkits and recommended products  
No. Product types Design toolkits Software manufacturer 
1. Ring 
CellCycle 
Nervous Systems 
2. Bangle 
3. Cuff 
4. Bracelet Kinematics 
5. Vase 
Project Shapeshifter 
Autodesk 6. Bowl 
7. Geometric object Tinkercad/123D Design 
8. Lampshade 
Lampshade 
Customisation Toolkit 
Loughborough Design 
School 
To evaluate the personalisation experience and to assess participants’ opinions of the physical 
3D-printed personalised products, a questionnaire with 20 questions were prepared. It was 
divided into two parts, (i) Experiential Value – evaluating the interaction with the product design 
during the personalisation process, and (ii) Product Value – evaluating the value of the 3D-printed 
personalised design. The content of the questionnaire is summarised in Table 8-2. 
Table 8-2: The content of questionnaire in experimental study 
No. Sections 
No. of 
questions 
Experiential Value 
1 Introduction  
2 General Information 4 
3 Product Personalisation Through the Use Of 3D printing 3 
Product Value 
1 Introduction  
2 Product Personalisation Through the Use Of 3D printing 1 
3 Willingness to Pay for 3D-Printed Personalised Products 2 
4 Value Drivers for 3D-Printed Personalised Product 1 (a-j) 
Thank you for participation 
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8.6 Procedure 
Participants were involved in two different sessions held on two different days: (i) a product 
personalisation activity, and (ii) product assessment and evaluation. The participants were 
required to complete one part of the questionnaire at the end of each session. A descriptive 
analysis was conducted to analyse their responses.  
In the first session, each participant was firstly thanked for his or her willingness to participate in 
the study. Participants were briefly informed about the flow of the experiment, the background of 
3D printing, and the limitations of the study. They were then presented with the list of 
recommended products to choose from. Table 8-3 shows the list of selected products and the 
design toolkits used to create them. The selection of the toolkit was based on the type of product 
they wanted to personalise. Each participant was then asked to undertake a product 
personalisation activity using the designated web-based design toolkit. Participants were briefly 
informed about the toolkit they had to use, regarding the interface and functional buttons that 
related to the toolkit. Participants were given around 10 minutes to get used to the toolkit’s user 
interface. Once they were ready, they were allowed to work on their personalised object until they 
were satisfied with the design. Each participant produced one personalised design. Once they 
had finished the activity, they were asked to assess their personalisation experience through the 
questionnaire. The first session took approximately 45 minutes for each participant to complete. 
Table 8-3: List of recommended products 
  Category 
Personalised 
products 
Software 
applications 
N
o
. 
o
f 
p
a
rt
ic
ip
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ts
 
1 
Household 
goods 
Lampshade 
Lampshade 
Customisation 
Toolkit 
2 Fruit plate 
Project Shapeshifter 3 Vase 
4 Vase 
5 
Jewellery 
Ring 
CellCycle 
6 Bangle 
7 Bracelet 
8 Cuff bracelet 
9 
Gadget 
Raspberry Pi case 
123D Design 
10 Refuse Sack holder 
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Every design was analysed by the author using the Shapeways 3D tools7 (for 3D-printing 
manufacturability) and Autodesk Inventor CAD software (to analyse geometrical characteristics) 
to ensure its ability to be manufactured using LS. Participants were informed if a modification to 
their personalised design was needed; the changes made to the 3D models had to be minimal 
and not affect the basic form of the 3D model. The printing process and product delivery took 
between 10 and 15 working days. Participants were informed when their 3D-printed personalised 
design was ready to be viewed and a second meeting was set up.  
In the second session, each of the 3D-printed personalised products was presented to the 
participant who had designed it. Each participant was also provided with a comparable standard 
mass-produced design product that had similarity in materials, design, patterns, surface finish, 
size and price. Participants were told about the price of both the standard design and the 3D 
personalised design (obtained from the service bureaus) so that they could make comparisons. 
Participants were then asked to express their opinion on the value of the 3D-printed personalised 
design through the questionnaire. They were given the 3D-printed personalised design as a 
reward for their participation in the study. The second session took approximately 15 minutes to 
complete. The flow chart of the experimental process can be found in Appendix 7. 
8.7 Ethics 
As for Study 1, the standard Loughborough University Ethics Approval procedure was followed. 
Research involving human subjects necessitates obtaining the consent and cooperation of the 
subjects being investigated. Informed consent has been defined as the procedures by which 
individuals choose whether to participate in an investigation after being informed of facts that 
would be likely to influence their decisions (Diener and Crandall, 1978). The research subjects 
should be provided with adequate information on what is being done to them, the limits to their 
participation, as well as any potential risks they may incur by taking part in the research (Chih, 
2005). 
In relation to this study, participants were given a set of Participant Information Sheets (refer to 
Appendix 8) explaining the detailed information about the study being carried out. Participants 
                                               
7 Shapeways 3D tools is an online tool containing information to check 3D models before being printed. It helps to check, visualise 
and fix potential problems with the 3D model. This is usually performed by Shapeways 3D-printing engineers. The tools also contain 
automatic checks, visualisations and automatic fixes which the user can choose and apply. In the case of Study 2, the author applied 
automatic fixes, and 3D models were fixed by the author himself. Shapeways 3D tools can be found in the user’s account (look for My 
Models) when the user logs in to Shapeways website, www.shapeways.com. 
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were asked to read the information sheet before they filled in their personal information in the 
Informed Consent Form (refer to Appendix 9) and added their signature, to acknowledge that they 
understood and agreed to the terms and conditions of the study. 
8.8 Pilot Study 
Six participants were selected for the pilot study (five PhD students from different fields of studies 
at Loughborough University and one member of the public). Two aspects of the pilot test were 
examined; the experimental procedure and the questionnaire design.  
For the procedure, the author collaborated with another PhD student who was testing the usability 
and interaction of his mass-customisation (MC) toolkit. The procedural evaluation was carried out 
by following the process of the conducted experiment and making observations on how the 
participants performed the task. There were no major changes needed for the procedure, thus 
allowing the author to establish the final procedure of the experiment (refer to Appendix 7). 
For the questionnaire design, two questionnaire parts were prepared: one evaluating the 
participants’ experience during the personalisation activity and the other evaluating the 3D-printed 
personalised design. The feedback gathered from the participants indicated that no major 
changes were required but there was a need to reduce the grammatical errors in the 
questionnaire. These improvements were made after the pilot test had been performed. 
8.9 Results and Findings 
Based on the data gathered in Study 2, the 50% of the respondents were aged between 25 and 
34, i.e. five participants. Two out of 10 respondents were aged between 35 and 44. One 
respondent each were from age groups 45 to 54 and 55 and above. Figure 8-1 shows the 
classification of the participants based on gender and age group. 
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Figure 8-1: Classification of the participants based on gender and age group. 
Most participants selected their products based on the recommended list given to them. However, 
of the 10 participants, two decided to create their own personalised designs, and those designs 
fell under the Gadget category. Table 8-4 shows the list of products personalised by participants 
and the software applications used during the study.  
Table 8-4: List of products personalised by participants 
Participants Category Personalised products 
Software 
applications 
1 
Household 
goods 
 
Lampshade 
Lampshade 
Customisation 
Toolkit 
2 
 
Fruit bowl 
Project 
Shapeshifter 
0
1
2
3
4
18-24
25-34
35-44
45-54
55 and
above
3
2
1
1
2
1
N
o
. 
o
f 
p
a
rt
ic
ip
a
n
ts
Age categories
Male Female
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3 
 
Vase 
4 
 
Vase 
5 
Jewellery 
 
Ring 
CellCycle 
6 
 
Bangle 
7 
 
Bracelet 
8 
 
Cuff bracelet 
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9 
Gadget 
 
Raspberry Pi 
case 
123D Design 
10 
 
Refuse Sack 
Holder 
8.9.1 Experiential Value 
During the first session, the participants' opinions about their interaction with the personalisation 
process were evaluated. After finishing the personalisation process, the participants completed 
the questionnaire to provide feedback concerning their experience and reaction to the stimuli they 
received. Data was obtained about the participants' feedback on the types of design attributes 
and co-design activities they considered during the interaction process, as well as on the type of 
hedonic experience they encountered during the process. Participants could select more than 
one answer from set choices to enable them to provide responses related to their feelings and 
experiences during the activities. Positive results were shown by a high number of participants 
selecting that option and negative results were shown by a low number of participant selections. 
8.9.1.1 Design Attributes 
Participants were asked about the types of design attributes they had considered during the 
personalisation process. Participants were given the choice to select several answers that they 
thought were appropriate. The results are shown in Figure 8-2. 
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Figure 8-2: Design attributes considered during personalisation process 
Figure 8-2 reveals that all the design attributes were considered by at least one participant during 
the personalisation process. The two attributes that scored highest show that participants were 
looking for features that would differentiate the product and reflect their personality. These 
responses suggest that when designing a product, participants considered that having its own 
unique appearance would be compatible with reflecting their own personality. Figure 8-2 also 
reveals that most participants considered aesthetic aspects to be important, i.e. delightful shapes, 
making patterns and attractive colours. 
8.9.1.2 Co-design 
Participants were asked about the co-design activities that they considered when they interacted 
with the product during the personalisation process. Participants were given the option to select 
several answers they thought were appropriate. The results are shown in Figure 8-3. 
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Figure 8-3: Types of co-design activities considered during the personalisation process 
Figure 8-3 shows that most participants considered a wide range of attributes during their 
interaction with the product. It can be seen that all 10 participants were actively involved in altering 
the shape and form of the product, and tailoring it to the right size based on their preferences. It 
was also noted from the observations that most participants (7 out of 10) repeatedly changed the 
product’s design to improve its appearance. Figure 8-3 also reveals that for more participants saw 
the goal of the personalisation activity to be enhancing the appearance of the product rather than 
its functionality. The responses shown in Figure 8-3 suggest that most participants were able to 
interact with objects in a positive way. They tried to participate actively in the design process by 
involving themselves in various types of co-design activities. By playing an active role in the co-
design process, they were able to generate design ideas and create new design concepts. 
Through this activity, it has become evident that the participants were able to complete the task 
of designing the products and express their creativity. 
8.9.1.3 Hedonic Elements 
To measure whether participants had experienced any emotional benefits during the 
personalisation process, they were asked about their sense of enjoyment and being entertained. 
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Participants were given the option to select several answers they thought were appropriate. The 
results are shown in Figure 8-4 shows the types of hedonic elements that were involved during 
the personalisation process. 
 
Figure 8-4: Types of hedonic elements involved during the personalisation process 
Figure 8-4 shows that all participants enjoyed the co-design activities and most of them felt that it 
was fun to create their own design and was also able to fulfil their design imagination. Through 
this feedback, it can be seen that product personalisation can elicit a sensation of enjoyment and 
pleasure that reflects the entertainment aspect and emotional worth of the activities. Product 
personalisation can be seen as one way to enable end-users to fulfil their creative desires, as the 
activity offers almost unlimited design possibilities to be explored by the end-users. 
From the experiential aspect, enjoying the personalisation process was seen as an important 
aspect of adding value to 3D-printed products. It helps end-users to get involved in an emotional 
relationship when they participate in self-design activities. It has been suggested that software 
developers and designers intending to develop AM-enabled personalisation toolkits must make 
sure the toolkits offer a high quality of interactive experience to end-users (Turner, 2013). It is 
paramount for end-users to enjoy the personalisation experience in order to obtain high hedonic 
value from the interaction, regardless of the final product. 
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8.9.2 Product Value 
Regarding Product Value, Study 1 attempted to measure the value of 3D-printed personalised 
products based on three major elements: (i) personalisation attributes, (ii) participants’ perceived 
value of 3D-printed personalised products, and (iii) measuring participants’ willingness to pay 
(WTP). In the second session, each participant was presented with their 3D-printed personalised 
product. They were also provided with a comparable standard mass-produced product, so that 
they could make a comparison between the two designs. Participants were required to complete 
the questionnaire to gain their feedback concerning the value of the product personalised by AM.  
The purpose was to discover their opinion on the value of the 3D-printed personalised product 
they had created from both emotional and financial perspectives. To achieve this purpose, data 
was obtained on the participants' feedback about the types of personalisation attributes that they 
thought had contributed to the added value of the 3D-printed personalised products. They also 
indicated their perceived value of their own 3D-printed personalised product and their willingness 
to pay for such a product. Participants were able to express their opinion based on their evaluation 
of the personalised design in comparison with an existing standard mass-produced design. 
8.9.2.1 Personalisation Attributes 
In the questionnaire, participants were asked about the types of personalisation attributes that 
had contributed to the added value of the 3D-printed personalised product. They were asked to 
rate each of the attributes using a Likert scale of 1 to 5, where 1 was ‘Very Little’ and 5 was ‘Very 
Much’. The scores were averaged out across all participants and the results are shown in Figure 
8-5. 
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Figure 8-5: Personalisation attributes and their contribution to the added value of 3D printed 
personalised products 
Based on the results shown in Figure 8-5, it can be said that participants considered that all the 
attributes were somewhat important in product personalisation, as reflected by the reasonably 
high average scores. Personalisation to ‘reflect the aesthetic of the product’ received the highest 
average score of 4.70, closely followed by ‘increase uniqueness of the product’ with a score of 
4.60. Participants indicated that personalisation for enhancement of product functionality was 
least important, with an average score of 3.40. 
This suggests that although 3D printing can be used to support several aspects of product 
personalisation, participants were more interested in product appearance and uniqueness rather 
than functionality. This can be achieved by allowing them to choose their own materials, colours, 
personalised patterns and product shape. This high concentration on aesthetic attributes means 
it is possible to achieve a high degree of uniqueness with a relatively small differentiation in design 
features compared to the standard product (Merle et al., 2010). The uniqueness of a 3D-printed 
product gives end-users an opportunity to feel different from others, as well as to attract more 
attention through the creation of creative shapes, beautiful colours, attractive materials, and 
impressive surface finishing (Ohta and Kasamatsu, 2014). 
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8.9.2.2 Perceived Value of 3D-printed Personalised Products 
Participants were asked to make a comparison between the standard design and the 3D-printed 
personalised design to measure their perceived value of the products. They were required to rate 
their opinion of the product based on four aspects, using a Likert measurement scale of 1 to 5. 
The difference in average scores between the standard designs and the 3D-printed personalised 
designs yielded the value increase or decrease of Participants’ Perceived Value (ΔPPV). The 
average results across all 10 participants are shown in Figure 8-6. 
 
Figure 8-6: Comparison of Participants’ Perceived Value (PPV) between standard design and 
3D-printed personalised design 
Overall, the results show that participants gave significantly higher average scores for all four 
Participants Perceived Value (PPV) measurements for the personalised products. The largest 
difference between the standard and personalised products was for ‘interest in the product’, where 
the personalised product score was 80.8% higher. Participants also gave high average scores for 
‘overall satisfaction’ and ‘perceived quality of design features’. For likeliness to purchase, 
participants gave the lowest score for both designs, but the personalised product scoring was 
over 70% higher than the standard product scoring. Based on these results, it can be concluded 
that participants definitely valued 3D-printed personalised products higher than the standard 
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mass-produced products. This indicates that AM technology can assist in providing higher added 
value to personalised designs. 
8.9.2.3 Willingness to Pay (WTP) 
The value of product personalisation was also measured through the end-users' willingness to 
pay (WTP) for their products (Schreier, 2006). During the session, participants were required to 
make a physical comparison between the standard products and the personalised products. They 
were then asked how much money they were prepared to pay for the personalised products. To 
have a valid measurement, standard products having features similar to the personalised 
products in terms of materials, sizes, designs, patterns, surface finishing and price were chosen 
for comparison purposes. The actual prices of the standard products were stated in the 
questionnaire and participants were asked how much more they were prepared to pay for their 
personalised product. The difference between the production cost including shipping (referred to 
as 3DPD) and the participants' WTP price yielded the value increase or decrease of each 
personalised product (ΔWTP). Figure 8-7 shows the average results for the three categories of 
personalised products. 
 
Figure 8-7: Comparison between production cost of 3D-printed Personalised Design (3DPD) 
and participants' Willingness to Pay (WTP) 
As can be seen in Figure 8-7, only Jewellery indicated a monetary value increase for the 
personalised product with an added value of 17.09%. The mean participants' WTP was £46.25, 
while the average production cost for the 3D-printed products was £39.50. This indicates that 
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participants were willing to pay an average of £6.75 more than the production cost. However, the 
other two categories, Household Goods and Gadgets, both show significant negative value 
increments of –57.85% and –33.33% respectively. This indicates that for Household Goods and 
Gadgets, the increase in perceived value for the personalised products was not high enough to 
compensate for the increased 3D-printing production costs.  
8.9.2.4 The Key Value of 3D-printed Personalised Products 
To assess the key value drivers for 3D-printed personalised products, participants were required 
to rate their opinions of various statements. These statements explained the characteristics of 
product personalisation facilitated by AM technology and were based on the value components 
that were developed in the value taxonomy. By using a Likert scale, participants could express 
their opinions by rating the statement from ‘Strongly Disagree’ to ‘Strongly Agree’ (1–5 rating). 
The results indicated how strongly each value component contributed to the overall increase in 
value associated with product personalisation (see Figure 8-8).  
 
Figure 8-8: Value of Product Personalisation fabricated through AM/3D printing technology 
In general, the results showed that participants gave high average scores to all the value 
components. This indicates that participants regarded all the value drivers as being important. In 
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particular, Unique Value is seen to have highest average score of 5.00, closely followed by Co-
design Value at 4.75 and Hedonic Value at 4.60.  
From the perspective of Product Value, the results suggested that personalised features designed 
by participants using AM-enabled tools and systems are able to provide additional unique value 
to end-users. This is supported by the ability of AM to produce highly complex forms, its flexibility 
for part fabrication and its ability to provide specific design features according to end-users’ 
desires. This results in the creation of product differentiation, i.e. not looking like anyone else’s 
product and being exclusive to an individual. These personalised attributes are not always 
sufficiently supported by traditional manufacturing systems. Even if it were possible, it would take 
a longer for manufacturing to occur because of tooling, etc. In addition, through traditional 
manufacturing, the more complicated the object, the more it costs to produce (Lipson and 
Kurman, 2013). The achievement of high unique value also correlates with the key motivation of 
product personalisation, i.e. to acquire distinct design features by producing bespoke products 
that are tailored to an end-user’s specific needs. 
The results also indicated that participation in the co-creation process of product personalisation 
provides high Experiential Value to end-users. This is due to the ability of AM-enabled tools and 
systems to allow end-users to participate in the design process. This is in contrast to the traditional 
design process, where amalgamated end-user requirements are translated by a designer into a 
single product. Thus, it is virtually impossible for end-users to incorporate their design ideas into 
the product.  
High Experiential Value can only be obtained when end-users participate actively in co-creating 
throughout the personalisation process by designing and  making the designs ‘with their own 
hands’ (Sanders et al., 2008). Given the opportunity to co-design the products, end-users can 
derive satisfaction from their active participation during the personalisation process. Supporting 
mechanisms, such as AM-enabled design toolkits, must have the capabilities to achieve high 
hedonic value by making the personalisation process an enjoyable activity able to fulfil end-users’ 
creative imaginations.  
8.9.3 Discussion 
Study 2 attempted to shed light on end-users’ perceived value of a consumer product designs 
being personalised and fabricated using AM technology. This was achieved by examining the 
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definitions, concepts and measurements relevant to value in the context of consumer product 
designs. Based on the results obtained, it can be concluded that through the end-users’ 
involvement in personalising a consumer product through AM-enabled tools and mechanisms, 
they were able to acquire additional value by producing a bespoke product tailored to their 
individual preferences and to no-one else’s. The additional value came both from the 
personalisation experience and additional product benefits. 
The importance of this study is that end-users who took the opportunity to become involved in 
product personalisation using AM technology were enabled to develop alternatives to standard 
mass-produced designs. Under these circumstances, end-users were able to produce bespoke 
products tailor-made to their personal needs. Products with personalised design features provide 
a combination of additional attributes compared to the basic design. Consequently, end-users will 
gain extra benefits from it and this will contribute to higher product value.  
Although the author recognises that other manufacturing processes are available, this study 
showed that AM is a key tool for producing unique designs because of its exclusive capabilities 
to produced complex design features without the need for tooling. Supported by AM-enabled 
design toolkits and suitable materials, personalised AM products can bring ‘freedom of 
expression’ to end-users by creating physically exciting products. This enables end-users to enjoy 
a positive co-design experience that embodies personal taste and style, as seen by Yavari et al. 
(2015). This could encourage end-users to become more involved in the self-design process and 
to gain the benefits from individual designs as well as taking advantage of AM technology. Based 
on the proposed value taxonomy, it was apparent that end-users can identify the types of value 
aspects they want to add depending on the purposes and types of product they are personalising.  
A major limitation found from the study is that fabricating a product using AM technology requires 
a higher financial investment from end-users. The study showed that end-users were not willing 
to pay more very much for a personalised AM product compared to a mass-produced product. 
Therefore, although personalisation added perceived value in all three product categories, the 
extra amount participants were willing to pay was sufficient to cover the extra cost of 3D printing 
in the jewellery category alone. It will be necessary for AM system providers and service bureaus 
to reduce costs to within the extra willingness to pay price if 3D-printed personalised products are 
to become economically viable and hence more popular. This will be addressed as the 
productivity of AM systems approaches that for mass-production technologies, such as injection 
moulding. It is also recognised that a wider-scale experiment would have been greatly beneficial 
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to increase confidence in the results of this study. This study was explorative in nature and 
involved a small sample as it was limited by the relatively high cost of producing 3D-printed parts. 
However, it has introduced new knowledge, and hopefully these exploratory experiments will 
prove valuable in paving the way for larger-scale trials in the future.    
8.10 Comparison of the Key Value with the Previous Results 
In this section, a comparison between the results of Chapter 7 and 8 is presented to compare the 
extent of value increment between the two studies. In Chapter 7, Study 1 attempted to investigate 
the public’s perception of the value of personalised consumer product design. The objectives of 
the investigation were to seek insights on end-users’ willingness to pay for personalised attributes, 
and their tendency to buy personalised consumer product designs. The study found that end-
users who participated in product personalisation activities were willing to pay a premium price 
for specific personalised design features. They also showed the tendency to be at least likely to 
buy a personalised consumer product in the future. The survey also found that respondents 
recognised that product personalisation is able to offer higher Product Value and Experiential 
Value to the end-users. Based on those results, hypothetically, it can be said that product 
personalisation is able to provide better benefits and higher value of consumer products to end-
users.  
Study 1 involved the participants rating the importance of value components without actually 
performing any personalisation activity, whereas in Study 2, participants carried out their own 
personalisation activity facilitated by AM-enabled tools and mechanisms. The outcomes of both 
studies were compared and measured based on the components in the value taxonomy. The 
differences between those results yielded an increase or decrease in perceived value for each 
Value Component (ΔVC). The comparisons of the averaged results from both studies are as 
shown in Figure 8-9.  
142 
 
 
Figure 8-9: Results comparison between Study 1: Questionnaire Survey and Study 2: 
Experimental method 
As can be seen in Figure 8-9, it was apparent that participants in Study 2 gave higher average 
scores to all value components measured in the study. Being involved in personalisation activities 
seems to have given end-users a greater appreciation of the types of value that can be added. 
Based on the results, Unique Value is seen to have had the largest increase in perceived value, 
with an increase in scoring of 26.20%. This is followed by Sensory Value, with an increase in 
scoring of 18.86%. Hedonic Value and Co-design Value also received higher average scores, 
with increases of 17.83% and 16.84% respectively. Functional Value experienced the lowest 
increment of 8.6%, again reflecting end-users’ views that personalisation has more to do with 
increasing product uniqueness rather than improving functionality. These results suggest that, 
regardless of background, participants’ direct involvement in AM-enabled product personalisation 
activity involves all the value components identified in the taxonomy, but to varying degrees.  
Supported by suitable tools, AM can facilitate product personalisation, and it has shown promising 
capabilities as a means to assist end-users to achieve higher Product and Experiential Value. 
The opportunity to personalise products using AM will likely lead to further growth in the 
application of AM among end-users, provided they are aware of the added value they could 
acquire from the technology. In-depth training in design for AM is one way to enable end-users to 
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adapt and innovate using AM (Gao et al., 2015). However, another route is to enable professional 
designers to produce ‘personalisable designs’ that allow end-users to participate and become co-
designers to create their own personalised design. 
8.11 Summary 
This chapter has examined the role that product personalisation can have in facilitating an 
increase in the value of AM-produced consumer products. The results justified the main 
proposition of this research and also align closely with the evidence presented in earlier chapters. 
The lessons learnt from this study paved the way for the development of an added value 
identification method for designers of personalisable products. The method would help designers 
to identify design features in a product that would potentially add value to an AM-enabled 
personalised product. It would therefore act as a design support tool to aid designers in providing 
value-adding ‘personalisation features’ in order to satisfy end-users’ individual needs. This 
development and validation of such a method is described in the next chapter. 
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CHAPTER 9  
DEVELOPMENT AND VALIDATION OF ADDED VALUE IDENTIFICATION METHOD  
9.0 Introduction 
This chapter focuses on the development and validation of an added value identification method 
and its supporting tool. This chapter details the development process of the method from both 
structural and procedural aspects. This is followed by a description of the implementation and 
validation of the proposed tool. The purpose of the implementation of the design tool was to 
validate its usability, applicability and effectiveness of its support to designers. The methods used 
for the validation are also discussed. Finally, the chapter presents an overview of the analysis 
and findings gathered from the study. 
9.1 Outcome from the previous study 
The results presented in Chapter 8 provided a number of important insights into the design and 
production of high-value AM-enabled personalised product designs. This information was vital to 
support the subsequent development of this research. The summary of the findings is as follows: 
• Using AM-enabled design tools and mechanisms, non-expert users can participate in 
personalisation of consumer products, where they obtain a direct opportunity to influence 
a product’s 3D form. 
• End-users can obtain valuable product aesthetics through the creation of delightful 
shapes, added patterns, and by applying attractive colours and beautiful materials to their 
products to make them distinct from standard designs. This contributes to a higher degree 
of product uniqueness and embodies the user’s personality through a combination of 
arrangement and display of specific design features, i.e. an alteration of product shapes 
combined with patterns (or decorations) and colours. 
• Personalised AM products are able to provide higher end-users’ perceived value when 
compared with standard mass-produced products in terms of: 
i. User interest in the products. 
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ii. Purchase intention for particular types of personalised designs, e.g. jewellery. 
iii. Overall satisfaction with the design of the products, i.e. provides additional 
benefits to the products in terms of product functionality, aesthetics, uniqueness, 
and self-expression. 
iv. Perceived quality of design features, e.g. patterns, inter-locked joints, surface 
finishing, colours, etc. 
Based on the findings, it was important to identify the design strategies that could be used to 
present value-added personalised AM product information to industrial designers. According to 
Cross (2008), design strategy can be described as “the general plan of action for a design project 
and the sequence of particular activities such as tactics or design methods which the designer 
expects to undertake to carry through the plan” (p. 193). From an industrial design perspective, a 
simultaneous product and process design method is needed to assist expert designers in defining 
and exploring the design possibilities enabled by AM (Bourell et al., 2009). Establishing creative 
design decisions in the early stages of product development is one of the strategic approaches 
that enables efficient process-based design and provides better design direction for designers 
(Burton, 2005). To date, there is still a lack of accepted AM-oriented value identification methods 
and tools for industrial design. The gap remains unexplored, and therefore required further 
investigation.  
To demonstrate an enhance design for AM strategy, the development of design methodologies, 
methods, tools, and activities has to be adapted to the specificities of AM (Thompson et al., 2016). 
With this in mind, it was necessary to develop a new supporting tool that would enable expert 
designers to identify design attributes in a product where AM’s benefits could provide most added 
value to end-users (Klahn et al., 2015). This could help designers in utilising the advantages and 
the unique characteristics of AM to create value-adding features for the users when they 
personalise products. 
9.2 The Purpose of the Added Value Identification Method 
Knowledge management and decision aid tools play an essential role in product development, 
and the selection of the presentation format is crucial to enable designers to fully exploit the 
capabilities of AM (Burton, 2005; Kelton et al., 2010). Thus, a decision was made to explore a 
formal design aid tool to assist designers in finding the best way to achieve high value for 
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‘personalisable’ product designs. The development of the design tool, therefore, focused on the 
Product Value standpoint, while Experiential Value (provided by the personalisation design tool) 
was decided as being out of scope since personalisation tools are typically created by software 
designers and not industrial designers. Experiential Value will therefore not be discussed in this 
chapter.  
The added value identification method was aimed at helping designers come up with the ideas, 
concepts and solutions for identifying personalisable design attributes that best utilise the unique 
capabilities of AM. It also needed to provide guidance  to designers on how to maximise the added 
value of the product through the amalgamations of shapes, forms, patterns, structures, and 
material compositions (Rosen, 2007). The added value identification method was given the name 
Value-added AM-enabled Personalised Product (V+APP) Design Method (V+APP Design 
Method). 
The V+APP Design Method was conceived as a set of design aid tools to support an industrial 
design process that adapts the knowledge, benefits and values of AM into the development of a 
‘personalisable’ product. The design method aims to systematically integrate several design 
questions that needed to be answered by designers when taking AM into account at every design 
phase. This would help designers to efficiently identify and generate possible design features that 
could enhance the value of the personalisable product being designed. There were four types of 
Product Value to be focused in the V+APP Design Method: 
i. Functional Value - acquired from the increment in product utility derived from the 3D-
printed personalised product compared to a standard mass-produced product. 
ii. Unique Value - acquired from the creation of symbolic attributes that create an opportunity 
for drawing the attention of others, peculiar to the self-expression of the individual. 
iii. Sensory Value - acquired from a product's ability to present a sense of emotional 
response, reflection in the form of sensation, sense of beauty, sensory pleasure or delight 
to enhance personal enjoyment. 
iv. Personal-expressive Value - acquired from the opportunity to reflect the image and 
personality of a person by representing one's self-image in the product. 
The primary objectives of V+APP Design Method were: 
i. To act as a design aid tool to assist expert designers in preparing a personalisable product 
design that provides value-adding personalisation features in the product. 
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ii. To help end-users to achieve high product value when they purchase and use the 
personalised AM product.  
iii. To enable expert designers to develop specialised design skills by bringing the 
advantages and specificities of AM into the development of personalisable product 
designs. 
9.3 Industrial Design 
This research adopts the definition of ‘industrial design’ and ‘industrial designer’ used by the 
Industrial Design Society of America (IDSA). Industrial design can be referred to as “a discipline 
historically known for creating products and systems that optimise function, value, appearance of 
products for the mutual benefit of stakeholders involved” (Shim, 2016). Industrial designers are 
“the specialists who determine the features, appearance, materials and ergonomics of many 
products we use daily” and they “play a vital role in product development teams to ensure the 
connection between a product and its end user” (Industrial Design Program Carlton University, 
2016). For industrial design applications, a generic industrial design process is often defined to 
provide some structure to the complex creative tasks that industrial designers perform. Figure 9-
1 shows the widely-used generic industrial design process established by Ulrich and Eppinger 
(2012).  
 
Figure 9-1: Generic industrial design process, adapted from Ulrich and Eppinger (2012) 
The generic industrial design process describes a sequence of design activities that are grouped 
into six phases: investigation of customer needs, conceptualisation, preliminary refinement, final 
concept selection, control drawings and models, and coordination. According to Ulrich and 
Eppinger (2012), industrial designers are responsible for the product’s aesthetic appeal (e.g. look, 
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feel, etc.) and functional interfaces (e.g. product ergonomics). Industrial designers have several 
goals to achieve in their work, as shown in Table 9-1. 
Table 9-1: Work goals of industrial designers, adapted from Ulrich and Eppinger (2012) 
Goal Description 
Utility The product’s human interfaces should be safe, easy to use, intuitive, and each 
feature should be shaped so that it communicates its function to the user. 
Appearance Form, line, proportion, and colour are used to integrate the product into a pleasing 
whole. 
Maintenance Products must be designed to communicate how they are maintained and repaired. 
Low costs Form and features have a large impact on production costs, so these must be 
considered by designers. 
Communication Designs they produced should communicate the corporate philosophy and mission 
through the visual qualities of the products. 
9.4 Design Method  
According to Karjaluoto (2014), a design method can be described as “a philosophy and approach 
that lends clarity to and facilitates your work. It helps you understand the situation and problem, 
and then allows you to determine what the design solution needs to do” (p.60). In addition, Adams 
(2015) defined ‘method’ in the design context as “a systematic procedure, technique, or mode of 
inquiry employed by, or proper to, a particular discipline or art”. The foundation of design methods 
is usually an organised ‘framework for action’ or a procedural model that contains several stages 
or phases, usually called the ‘design process’ (Cross, 2008). The design method can be translated 
into any form of “procedures, techniques, aids or ‘tool’ for designing” (Cross, 2008, p.46). 
To better understand the mechanism of design methods, Cross (2008) categorised design 
methods into two groups, namely the creative method and the rational method (see Table 9-2). 
Cross (2008) stated that the creative method is intended to “help stimulate creative thinking by 
trying to increase the flow of ideas by removing the mental blocks that inhibit creativity” (p.48). On 
the other hand, a rational method is ‘a technique that encourages a systematic approach that 
integrates structural and procedural aspects to support design activities’. According to Cross 
(2008), the rational method covers many aspects of the design process, for example, from product 
planning and identification of user needs through to production ramp-up. Although these design 
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methods are separated into different groups, they complement each other. This research adopted 
the rational method to support expert designers in the generation of the creative design process 
of personalisable AM products. This was to enable a more systematic approach to be applied to 
cover both the structural and procedural aspects of added value identification throughout the 
entire design process. 
Table 9-2: Creative and rational methods adapted from Cross (2008) 
Design methods Purpose Example 
Creative 
Help stimulate designer’s 
creative thinking by trying to 
increase the flow of ideas by 
removing the mental blocks 
that inhibit creativity. 
• Brainstorming. 
• Synectics. 
• Enlarging the search space. 
• The creative process. 
Rational 
A technique that encourages 
a systematic approach that 
integrates structural and 
procedural aspects to 
support design activities. 
Implemented through the 
design process. 
• User scenarios. 
• Objectives tree. 
• Function analysis. 
• Performance specification. 
• Quality function deployment. 
• Morphological chart. 
• Weighted objectives. 
• Value engineering. 
9.5 Development of the Added Value Identification Method 
As a design strategy to facilitate designers in identifying potential design features that could add 
value to personalisable AM products, a formal added value identification method called the Value-
added AM-enabled Personalised Product (V+APP) Design Method (V+APP Design Method) was 
developed. This ‘framework of action’ was then translated into a working design tool to enable 
designers to apply it to operational implementation. In devising the V+APP Design Method, all 
design activities were constructed and organised based on three key elements: 
i. The Structural Aspect. 
ii. The Procedural Aspect. 
iii. Design Challenge. 
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The following sections further describe each of the elements contained in the V+APP Design 
Method. 
9.5.1 The Structural Aspect  
The structural organisation of the V+APP Design Method served as the foundation of the design 
method and consisted of three major components, as illustrated in the circular chart shown in 
Figure 9-2. The purpose of the V+APP Design Method illustrated in the circular chart was to 
demonstrate the iterative nature of the overall product development process. The three major 
components are:  
(i) Generic Industrial Design Process. 
(ii) V+APP Strategic Area.  
(iii) V+APP Design Process.  
These components were devised to formalise design procedures and embody the designer’s 
thinking within the design process to generate appropriate solutions to particular design problems. 
These components are integrated and linked to each other and cover all important aspects related 
to the development of value-added personalised AM products.  
 
Figure 9-2: The arrangement of the structural aspect of the V+APP Design Method 
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The details of each component are further described below: 
Generic Industrial Design Process: This section is the overall framework of the V+APP Design 
Method, therefore forming the outer layer of the design method. It was adopted (with a bit of 
adjustment) from the generic industrial design (ID) process derived from the work of Ulrich and 
Eppinger (2012). It aimed to coordinate and act as a blueprint for the development process. Its 
focus is on all aspects of utility, ergonomic, and aesthetic needs of the product (Ulrich and 
Eppinger, 2012). This section consists of six generic industrial design phases: the identification 
and investigation of user needs, conceptualisation, preliminary refinement, concept selection, 
control drawings and model, and coordination. These phases were used to formulate several key 
steps established in the V+APP Strategic Area. The arrangement of the generic ID process is 
depicted in Figure 9-3. 
 
Figure 9-3: The arrangement of the generic ID process  
V+APP Strategic Area: Placed in the middle layer of the chart, the purpose of this section is to 
formalise the designer’s thinking during the development of the personalisable product concepts. 
The V+APP Strategic Area consists of the five following phases: AM technology, adding product 
value, design exploration and refinement of the AM-facilitated personalisable product, technical 
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and construction, and end-user participation. By considering the generic ID process, each phase 
in the V+APP Strategic Area provides a focal point to guide designers to reach appropriate 
solutions for each design challenge presented to them. These phases were used to formulate 
several key steps established in the V+APP Design Process. The arrangement of the V+APP 
Strategic Area is illustrated in Figure 9-4. 
 
Figure 9-4: The arrangement of the V+APP Strategic Area 
V+APP Design Process: This section formed the core function and served as a key driver for 
the V+APP Design Method, therefore, is placed in the inner layer of the chart. The V+APP Design 
Process was defined as a set of design activities particularly developed to assist designers in 
designing a 'personalisable' product design concept through a sequence of design phases. By 
taking the generic ID process and V+APP Strategic Area into consideration, the V+APP Design 
Process contains a sequence of phases that aim to transform the input (e.g. design questions) 
into the output (e.g. design ideas). The process of translating the inputs into the outputs is called 
design challenge. The V+APP Design Process consists of eight following core phases: identifying 
opportunities, key-value components, concept generation, concept refinement, concept selection, 
detail design, prototype testing, and design ready. Figure 9-5 shows how the V+APP Design 
Process integrates with the other two elements in the V+APP Design Method. 
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Figure 9-5: The arrangement of the V+APP Design Process 
9.5.2 The Procedural Aspect  
The procedural aspect of the V+APP Design Method combines all the main elements of the 
structural aspect. The V+APP Design Process is the core feature of the procedural aspect. The 
process flow diagram in Figure 9-6 illustrates the operational approach of the V+APP Design 
Method. 
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Figure 9-6: Operational approach of the V+APP Design Method 
Based on Figure 9-6, each stage of the V+APP Design Process was named, from Phase 00 to 
Phase 07. It should also be noted that the generic ID process and V+APP Strategic Area have 
direct influence at every phase of the V+APP Design Process. The dark arrows in the flow diagram 
reflect the significant nature of influence at each phase in the development process. It is 
acknowledged that many integrative product development methods do not go through the entire 
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process in completely sequential fashion (Ulrich and Eppinger, 2012). Therefore, design iteration 
is necessary and may happen at any and between any of the design phases.  
9.5.3 Design Challenge 
A unique element in the V+APP Design Method is that it systematically integrates design 
challenge at each phase of the V+APP Design Process. The design challenge contains lists of 
open-ended design questions posed to designers based on the objectives and targets set out in 
each design phase. The design challenge aims to stimulate a designer’s cognitive thinking to 
efficiently identify the best solution to create an added value feature for the users when they 
personalise products using AM-enabled design tools and mechanisms. It also intends to help 
designers utilise the advantages and the unique characteristics of AM. The arrangement of the 
design challenge in the V+APP Design Method is illustrated in Figure 9-7. 
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Figure 9-7: The arrangement of the design challenge in the V+APP Design Method 
Overall, a total of 37 design questions were identified and clustered into eight categories 
according to the phases embodied in the V+APP Design Process. The contents of the design 
questions were determined based on the objectives and targets set out in each design phase. For 
this purpose, the author has referred to several published materials in the AM and product 
development field namely Ulrich and Eppinger (2012), Eggert (2005), Cross (2008), Maidin 
(2011), Sinclair (2012), and Boyard et al. (2014). The design questions were also further 
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developed based on the author’s previous knowledge and working experiences in the industrial 
design field, in addition with guidance from the author’s supervisors. Table 9-3 shows the number 
of questions for each phase in the V+APP Design Process. 
Table 9-3: Number of questions for each phase in the V+APP Design Process 
Phase Design process 
Number of 
questions 
Phase 00 Identifying Opportunities 8 
Phase 01 Key Value Components 3 
Phase 02 Concept Generation 6 
Phase 03 Concept Refinement 3 
Phase 04 Concept Selection 7 
Phase 05 Detail Design 4 
Phase 06 Prototype Testing 5 
Phase 07 Design Ready 1 
Total 37 
The development of the design questions and the detail characters of the design guidance are 
described below: 
Phase 00 – Identifying Opportunities: ‘Phase zero’ of this stage indicates the launch of the 
actual development process, as stated by Ulrich and Eppinger (2012). The phase begins with the 
identification of the preliminary goal of the design, identifying the target audience, and the types 
of potential market and design opportunities to exploit AM. Designers also need to identify the 
type of product platform within the consumer product market they want to develop (e.g. gadget, 
household goods, jewellery, fashion, etc.). Apart from that, designers also need to gather and 
evaluate information about AM such as the availability of AM systems, available materials, the 
desired level of the end-user’s involvement in co-design activities, the availability of design 
toolkits, and the initial target cost to produce the product. These requirements lead to several 
design questions posed to designers. The details of the proposed design questions and the 
design guidance for Phase 00 are presented in Table 9-4. 
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Table 9-4: Design questions for Phase 00 – Identifying Opportunities 
Generic ID Process Identification and Investigation of Customer Needs 
Strategic Area AM Technology 
Design Process Phase 00 – Identifying Opportunities 
Design questions 
Design guidance 
Characters Description 
1) Who is the target audience? 
• Age/income groups. 
• User segments in AM. 
➢ Early adopters: develop a design 
for themselves. 
➢ Developers: those who contribute 
designs to the AM community. 
➢ End-users: design and print using 
printers/service bureaus. 
2) What potential market and 
design opportunity exists? 
• Niche market 
characterised by 
customisation and 
personalisation. 
➢ People who are looking for design 
complexity and flexibility. 
3) What is the goal of the 
design? 
• To set the level of 
user participation in 
design/the ‘degree of 
freedom’. 
➢ Allowing the user to re-invent/re-
design new shapes/new forms, etc. 
4) What types of AM system 
could be used and what are 
the possible constraints? 
 
• Industrial printers 
➢ Various printer types, e.g.: LS, SL, 
etc. 
➢ Optimum print performance, e.g. 
large print size, higher quality, etc. 
➢ Various material options, e.g.: 
nylon powder, etc. 
➢ Higher cost. 
• Desktop printers 
➢ Limited printer types – FDM and 
SL. 
➢ Printing performance variable, e.g. 
build size, speed, resolution, etc. 
➢ The material comes in 
filament/cartridge. 
➢ Options to choose operating 
system –standard manufacturer or 
generic software. 
➢ Lower cost. 
5) What level of end-user 
involvement in co-design 
activities should the 
designer aim to provide? 
• Based on Consumer 
Design approach, 
where the user has 
direct, deliberate 
influence over a 
product’s form. 
➢ Variational Consumer Design 
(VCD) – user subjects a 3D CAD 
model to software algorithms to 
generate new design variations. 
➢ Constrained Consumer Design 
(CCD) – designer setting limits on 
tasks that can be achieved by the 
user. 
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➢ Enabled Consumer Design (ECD) 
– user permitted to modify the 
design/CAD using any tools 
available to them. Subject to 
Creative Common license. 
➢ Free Consumer Design (FCD) – 
user permitted to modify the 
design/CAD using any tools 
available to them. Open license. 
6) Is the existing design toolkit 
able to support the 
personalisation activities for 
this product? 
• Existing design toolkit. 
• Create design toolkit. 
➢ Web-based or software-based. 
7) What types of product 
categories should be 
pursued? 
• Consumer product 
design 
➢ Art, Gadget, Household goods, 
Jewellery, Hobby, Models, Fashion 
and accessories, etc. 
8) What would be the initial 
target cost to produce a 
single component of the 
product? 
• The estimated cost of 
raw materials, 
processing, overhead 
cost, etc. 
➢ Use cost model; e.g. SENVOL to 
access AM cost data. 
Phase 01 – Key Value Components: During this phase, designers need to identify the types of 
value components that end-users are looking for in personalised AM products. They can 
characterise this based on the value components stated in the Product Value taxonomy, namely 
Functional Value, Unique Value, Sensory Value and Personal-expressive Value. This will help 
designers to focus on which types of value components they want to offer. Also, designers need 
to set the ideal and acceptable marginal target of the end-user’s willingness to pay for 
personalisation features. Based on the results of empirical studies in the previous chapters, end-
users only see personalisation features as valuable if those features closely meet their needs. 
Following this, designers must be aware of the extra cost of providing different personalisation 
features. Thus, they should provide prices for every personalisation feature so that end-users 
have a choice of which type of features they want to buy. The details of the proposed design 
questions and design guidance for Phase 01 are presented in Table 9-5. 
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Table 9-5: Design questions for Phase 01 – Key Value Components 
Generic ID Process Identification and Investigation of Customer Needs 
Strategic Area Adding Product Value 
Design Process Phase 01 – Key Value Components 
Design questions 
Design guidance 
Characters Description 
1) Which types of value are 
users concerned with 
when they are looking for 
personalised AM 
products? 
• Characterised based 
on Product Value 
components in value 
taxonomy. 
➢ Functional Value – acquired from 
the increment in product utility 
derived from the 3D-printed 
personalised product.  
➢ Unique Value – acquired from the 
creation of symbolic attributes that 
make an opportunity for the product 
to be seen as ‘one of a kind’.  
➢ Sensory Value – acquired from a 
product’s capacity to attract an 
emotional response, e.g. sense of 
beauty, sensory pleasure or delight.  
➢ Personal-expressive Value – 
acquired from the opportunity to 
reflect the image and personality of 
a person by establishing one’s self-
image. 
 
 
2) How much extra would 
end-users be willing to 
pay for a personalised 
design? 
 
 
• Personalisation is only 
valuable if product 
features are precisely 
tailored to meet the 
user’s needs. 
➢ The designer must be aware of the 
extra cost of providing different 
personalisation features. 
➢ The designer should provide prices 
for every personalisation features so 
that end-users have a choice of 
which features they want to buy. 
3) Which types of product 
value should designer 
aiming to provide? 
• Characterised based 
on Product Value 
components in value 
taxonomy. 
➢ Not all types of Product Value can 
be satisfied at once. Designers 
should identify which types of value 
components they want to focus on, 
depending on the types of product 
they offer. 
Phase 02 – Concept Generation: Once the identification of user needs has been understood 
and the key value components have been identified, designers begin to concentrate on creating 
the product’s form, usually through sketches. The goal of this stage is to explore ‘personalisable’ 
product concepts that focus on the design features where AM’s geometrical and fabrication 
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advantages that offer most added value to the end-users. This is achieved through the use of 
creative problem solving. It is recommended that designers produce an open-design type of 
product to allow product personalisation to take place at a later stage (Koren et al., 2015). 
Designers need to consider all four applicable value-adding elements, i.e. Functional Value, 
Uniqueness Value, Sensory Value, and Personal-expressive Value, during the concept 
generation process. These will trigger several design questions to stimulate designers to identify 
possible design features that are able to add value to the final products when being personalised 
by end-users. Providing such features in the product concepts is a challenging task. Therefore, 
the characters in the Product Value matrix generated in Chapter 6 would assist designers in 
finding the best value-added features in the product concepts. The details of the proposed design 
questions and design guidance for Phase 02 are presented in Table 9-6. 
Table 9-6: Design questions for Phase 02 – Concept Generation 
Generic ID Process Conceptualisation 
Strategic Area 
Design Exploration and Refinement of AM-facilitated 
Personalisable Product 
Design Process Phase 02 – Concept Generation 
Design questions 
Design guidance 
Characters Description 
Functional Value: A value acquired from the increment in product utility derived from the 3D-
printed personalised product. 
1) In what ways would the 
personalised features provide 
added perceptions of 
reliability/durability/ease of 
use/safety/ergonomics to the 
main element of the design? 
 
 
 
• Ergonomic shape 
➢ Rounded edging/body 
shape/stress-free position/etc. 
• Weight reduction 
➢ Hollow structures/variable wall 
thickness/etc. 
• Surface friction 
features 
➢ Dual materials/textured 
surface/etc. 
• Structuring features ➢ Ribs, etc. 
2) Would the personalised 
features increase the 
usefulness/effectiveness of 
the product’s utilitarian 
purposes? 
 
 
 
 
• Easy fasten/removable parts. 
• Size variation. 
• Fit-to-measure form. 
• Consolidated parts – integrated hinge/gear, multiple links, etc. 
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Unique Value: A value acquired from the creation of symbolic attributes that create an 
opportunity for attention and interest to express peculiarity of self-expression of the individual. 
1) How to create design 
features that provide a feeling 
of exclusivity? 
• Adaptation of symbolic 
attributes/element of 
differentiation. 
➢ Combination of arrangement and 
display of components/ 
parts/forms/colours/material 
selection/patterns. 
➢ Symbolic meaning, e.g. cultural 
decorations/ 
Characterised graphics/ design 
motifs/symbol of 
affiliation, etc. 
Sensory Value: A value acquired from a product's ability to present a sense of emotional 
response, reflection in the form of sensation, sense of beauty, sensory pleasure or delight to 
enhance personal expression. 
1) In what ways could the 
personalised features reflect 
visual differentiation? 
• Surface finishing 
 
➢ Soft/rough/polished/etc. 
 
• Beautiful materials 
 
➢ Transparent/plated 
finishing/velvet/mirror/etc. 
• Attractive colours 
➢ Colour combination: natural/ 
bright/dark/shocking/etc. 
2) How could the design 
become more attractive in the 
sense of beauty and 
pleasure? 
 
• Creative concept 
 
➢ Geometrical complexity. 
➢ Interesting movement. 
➢ Playful interaction. 
➢ Abstract forms. 
➢ Modifiable forms. 
➢ Structural innovation. 
• Biomimetic patterns 
➢ Voronoi. 
➢ Honeycomb. 
➢ Microcellular structure. 
Personal-expressive Value: A value acquired from the opportunity to reflect the image and 
personality of a person by establishing one's self-image 
1) In what ways could the 
personalised features portray 
pride of ownership/ 
personality and self-image of 
the user? 
 
• Personalisation of 
part/component’s 
attributes. 
➢ Applying favourite colours. 
➢ Applying personal 
patterns/logo/design 
art/typeface. 
Phase 03 – Concept Refinement: At this stage, designers enhance the key design features in 
the product concepts that have high potential to meet target specifications. Reflections on the 
design concepts are needed to ensure the design integrates all aspects of form, fit, and function 
so that the concepts are feasible to be considered as a working product. This is to ensure that the 
results are consistent with the design goals. The potential personalisation features in the product 
should reflect all four of the value components that have been set in an earlier phase. The details 
of the proposed design questions and design guidance for Phase 03 are presented in Table 9-7. 
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Table 9-7: Design questions for Phase 03 – Concept Refinement 
Generic ID Process Concept Refinement 
Strategic Area 
Design Exploration and Refinement of AM-facilitated 
Personalisable Product 
Design Process Phase 03 – Concept Refinement 
Design questions 
Design guidance 
Characters Description 
1) Which personalisable design 
concepts have high potential 
to be developed so that they 
meet the target 
specifications? 
• Focusing on key 
value components. 
➢ Functional Value. 
➢ Unique Value. 
➢ Sensory Value. 
➢ Personal-expressive Value. 
2) Does the design integrate all 
aspects of form, fit and 
function? 
 
 
• Form 
 
 
➢ Simplified geometric – positional, 
curvature, tangential. 
➢ Visual quality/look. 
➢ Touching. 
➢ Ergonomics. 
➢ Emotional impact. 
• Fit 
➢ Measurement/dimension/ 
sizes/steps/gaps/tolerances. 
➢ Integral parts. 
➢ Space. 
➢ Physical interface. 
• Function 
➢ Performance. 
➢ Working order. 
➢ Reliability. 
3) Are the overall personalisable 
design concepts sufficiently 
feasible to be considered as 
‘working models’? 
• Utility requirement 
• Material selection. 
• Surface finish. 
• Dimension. 
• Weight distribution. 
• Colour. 
➢ Ease of use, safety requirement, 
intuitive to the user, 
maintenance, repair, assemble, 
and disassemble. 
Phase 04 – Concept Selection: During this phase, various personalisable product concepts are 
evaluated based on design goals, AM requirements and value-added elements. A primary 
criterion for selection is whether the concept meets one or more value-added elements stated in 
the previous phase. Concepts that do not meet the target specification are eliminated. Several 
design questions related to these issues are posed to designers to satisfy the target 
specifications. The details of the proposed design questions and design guidance for Phase 04 
are presented in Table 9-8. 
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Table 9-8: Design questions for Phase 04 – Concept Selection 
Generic ID Process Concept Refinement 
Strategic Area 
Design Exploration and Refinement of AM-facilitated 
Personalisable Product 
Design Process Phase 04 – Concept Selection 
Design questions 
Design guidance 
Characters Description 
 
 
1) Is the concept suitable to be 
manufactured by available 
AM systems? 
 
 
 
• Vat photo polymerisation. 
• Material extrusion. 
• Powder-bed fusion. 
• Sheet lamination. 
• Material jetting. 
• Binder jetting. 
• Directed energy deposition. 
➢ Depending on 
availability to 
company/individual. 
2) Does the overall 
personalisable design 
concept satisfy the target 
specifications? 
• Dependant on the level of end-user involvement in co-design 
activities set by designers. 
• Ideal target cost on user’s willingness to pay for personalised 
features. 
• Types of value the designer is aiming to provide. 
 
3) Do the personalisable design 
features help to achieve the 
product's usefulness 
according to the user's 
needs? 
 
• Personalisation to increase product performance. 
 
4) Do the personalisable design 
features provide the 
opportunity to own a ‘one of 
a kind’ product? 
 
• Personalisation enables it to stand out from others. 
 
5) Do the personalisable design 
features encourage users to 
present their personality? 
 
• Personalisation could be used to represent the user’s image. 
 
6) Does overall design package 
physically appeal to aesthetic 
reactions? 
 
• Personalisation enables end-users to create a beautiful 
design. 
 
7) Are there any other key 
aspects relevant to company 
practice that need to be 
considered? 
 
• Sustainability, branding, etc. 
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Phase 05 – Detail Design: Product realisation begins in the detail design phase where designers 
generate and rapidly modify three-dimensional (3D) designs. CAD software is used to prepare 
two-dimensional and three-dimensional drawings of parts and assemblies (Eggert, 2005). Thus, 
it allows designers to identify component layout, dimensions and tolerance, and prepare other 
‘detail-product packages’ such as detail-design performance analysis, preproduction performance 
tests and ergonomic refinements (Eggert, 2005). At this stage, designers can maximise product 
performance through the synthesis of shapes, sizes, and hierarchical structures to the capabilities 
of AM technologies (Rosen, 2014). In addition, an estimation of AM build cost for the product can 
also be determined. The details of the proposed design questions and design guidance for Phase 
05 are presented in Table 9-9. 
Table 9-9: Design questions for Phase 05 – Detail Design 
Generic ID Process Control Drawings and Models 
Strategic Area Technical and Construction  
Design Process Phase 05 – Detail Design 
Design questions 
Design guidance 
Characters Description 
1) What kind of information is 
needed to conclude the 
development of the final 
concept? 
• Model functionality. 
• Design features. 
• Dimensions/ 
Tolerances. 
• Colour coding. 
• Surface finishes. 
• Material usage. 
• Component layout. 
• Bill of Materials (BOM). 
➢ Also depends on the AM system 
to be used. 
2) Has product 
assembly/disassembly/ 
maintenance of detail 
design been identified? 
• Working documents 
➢ 2D drawings, 3D models, 
assembly drawings, BOM. 
3) Have the failure modes of 
the product design been 
identified? 
• Analytical analysis. 
• Product failure mode 
and effect analysis.  
➢ Part constraint, failure mode and 
counter measures. 
4) Has the estimated cost of 
the design been 
determined? 
• Variable costs 
➢ Materials, processing time, e.g. 
printing, post-processing time, 
etc. 
• Fixed costs 
➢ Machine tools, maintenance, 
etc. 
• Overhead costs 
➢ Indirect labour, supplies, taxes, 
insurance, utilities, etc. 
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Phase 06 – Prototype Testing: The prototype testing phase requires designers to 
comprehensively test physical and virtual models to confirm the construction and geometrical 
characteristics of the product. Usually, prototypes are used for four purposes, which are (i) 
Learning – to see how well it works, (ii) Communication – to enrich communication with a third 
party, (iii) Integration – to ensure components and sub-systems work together, and (iv) Milestones 
– to demonstrate the achievement and progress of the product (Ulrich and Eppinger, 2012). 
Therefore, it allows designers to identify the appropriateness of different types of prototypes for 
different purposes (Ulrich and Eppinger, 2012). Every product needs to undergo some physical 
testing and experimentation including the experimental use of various AM systems and the 
product’s suitability to be fabricated with different types of materials. The product must also 
undergo virtual testing and experimentation including testing the product’s suitability for 
personalisation using AM-enabled design toolkits. Designers also need to analyse the technical 
constraints the product may have from mechanical (e.g. part flexibility and elasticity), geometrical 
(e.g. parameters, aesthetics, etc.), physical (e.g. textures, distribution of weight, etc.), ecological 
(e.g. safe for environment), and safety (e.g. safe for users) aspects (Boyard et al., 2014). The 
details of the proposed design questions and design guidance for Phase 06 are presented in 
Table 9-10. 
Table 9-10: Design questions for Phase 06 – Prototype Testing 
Generic ID Process Control Drawings and Models 
Strategic Area Technical and Construction  
Design Process Phase 06 – Prototype Testing 
Design questions 
Design guidance 
Characters Description 
1) What prototypes are used 
for? 
• Learning 
➢ To see how well it works physically. 
➢ To ensure it meets the functional 
requirements. 
• Communication 
➢ Enrich communication with a third 
party, e.g. vendors, investors, 
marketing, etc. 
➢ Visual, tactile, 3D representation of a 
product. 
• Integration 
➢ To ensure components and 
subsystems work together. 
➢ Assembly and physical interconnection 
of all parts. 
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• Milestones 
➢ To demonstrate the achievement and 
progress of the product. 
➢ ‘Qualification test’ for full production. 
 
2) Does the design match the 
selected fabrication 
requirement? 
 
 
• Testing using the 
selected AM 
systems. 
➢ File format compatible with 
software/system. 
➢ Printing process, post-processing. 
➢ Design for AM requirements. 
3) Is the product able to be 
fabricated with different 
types of materials? 
• Multi-materials. 
4) Is the design able to be 
personalised using the 
selected AM-enabled 
design tool? 
• Testing using existing/custom AM-enabled personalisation tool. 
5) When the parts/product are 
personalised, what are the 
constraints of the final 
parts/product? 
• Mechanical ➢ Flexibility, elasticity. 
• Geometrical ➢ Parameters, aesthetics. 
• Physical ➢ Textures, distribution of product weight. 
• Ecological ➢ Safe for the environment. 
• Safety ➢ Safe for users. 
Phase 07 – Design Ready: Finally, the file format of the CAD models should be selected for the 
chosen AM system. The Standard Triangulated Language (STL) is the standard file type used by 
most AM systems, although others are now available. Designers need to identify the platform they 
want to use to store the digital design so as to facilitate end-users in purchasing, downloading, 
and personalising the design. Some of the examples of the platform that could be used are 
through online community hubs such as Thingiverse and Ponoko, or perhaps on the company’s 
own website. The details of the proposed design question and design guidance for Phase 07 are 
presented in the Table 9-11. 
Table 9-11: Design question for Phase 07 – Design Ready 
Generic ID Process Coordination 
Strategic Area End-user Participation  
Design Process Phase 07 – Design Ready 
Design questions 
Design guidance 
Characters Description 
1) How can end-users 
gain access to the 
digital model that is 
available? 
• Digital design stored in manufacturer’s site for user 
personalisation/purchase/download. 
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9.6 Development of the Added Value Identification Tool 
In general, there is no standard format to present design aid tools to designers (Yavari, 2017). 
Burton (2005) proposed that graphic representation of process-enabled capabilities has been 
demonstrated as an effective means of knowledge transfer amongst industrial design 
practitioners. However, there are several examples of how designers presented their design 
principles through design aid tools in the context of product development practise. These formats 
are shown in Table 9-12. 
Table 9-12: Examples of formats used to present design aid tools, adapted and adjusted from 
Yavari (2017) 
Types of tool Example Specifications 
Tool 
platform 
Designers/ 
researchers 
Flowcharts Task flow 
Showing sequence, flow or 
chronological order of steps. 
Software 
Paper  
Yavari 
(2017), 
Kumke et al., 
(2016) 
Set of cards 
Autodex 
Matrix 
Desk cube 
Categorising and visualising data 
in the form of cards. 
Paper Pei (2009) 
Database 
DfAM Design 
Feature  
Provide visual examples of AM 
enabled features that could be 
imparted to a product design. 
Software Maidin (2011) 
Workbook/ 
booklet 
Design 
workbook 
Describes different stages of the 
design process and provides 
different tools and techniques 
depending on what is required for 
that stage. 
Paper 
Smith et al., 
(2014) 
Previous work undertaken by Pei (2009) found that paper-based tools were the most popular and 
widely used tools among industrial designers as compared to software-based tools such as a 
webpage or software. It is acknowledged that software-based tools have been improved and can 
now provide rich graphic interfaces that allow dynamic presentation. However, other research 
indicates that paper-based tools offer better performance in terms of speed, accuracy and 
comprehension (Noyes and Garland, 2008; Chen et al., 2014). Moreover, as noted by Mangen et 
al. (2013), paper-based tools offer direct access to the entire text. Instead, software-based tools 
limit viewing to only one page of text at a time. Therefore, the reader’s overview of the 
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organisation, structure, and flow of the text are limited (Mangen et al., 2013). Most importantly, 
the content and information of the tool should be simple and easy to read. 
To ensure that the design aid tool for AM-enabled product personalisation performed well, several 
criteria formulated by Burton (2005) have been used as guidelines. These were as follows: 
• The design aid tool should assist decision-making within the industrial design process. 
• The design aid tool needs to ascertain the appropriateness of AM. 
• The design aid tool should suggest design features enabled by AM. 
• The design aid tool must have the ability to disseminate knowledge and raise procedural 
awareness. 
After considering the guidelines and views presented in several reference materials, and through 
discussions with both supervisors, a decision was made to develop a paper-based tool in the form 
of a ‘design workbook’ that would provide visual inspiration to industrial designers. The nature of 
the design workbook would allow instant access to information and provides a practical approach 
for designers to apply the fundamental areas of the V+APP Design Method. Moreover, it could 
provide portability and the ability to provide page spaces to allow designers to record their input 
for future reference. The design workbook will be referred to as the V+APP Design Method: 
Design Workbook. 
The V+APP Design Method: Design Workbook was designed using Adobe InDesign CC. Two 
types of formats were prepared – a printed hardcopy of the physical workbook and a PDF file as 
an electronic copy. The design workbook went through several design iterations before the final 
version was achieved, which mainly concerned the layout styles, types of graphics, colour usage, 
as well as themes and metaphors for the visual information (Dimarco, 2015). The content 
structure of the design workbook consisted of 12 sections. The sections contained in the design 
workbook are listed in Table 9-13.  
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Table 9-13: List of sections in the V+APP Design Method: Design Workbook 
Section 
number 
Section title 
1 Cover page 
2 Table of contents 
3 Preface 
4 Introduction 
5 AM Technology: Enhancing Product Value 
6 V+APP Design Method: Structural Aspects 
7 V+APP Design Method: Procedural Aspects 
8 Design Process 
9 Design Challenge 
10 V+APP Design Method 
11 Reference 
12 Design notes/sketches 
The content of the V+APP Design Method: Design Workbook was created based on the structural 
and the procedural aspects of the V+APP Design Method. The main section of the workbook 
contains design questions and guidance that stimulate designers to adopt AM benefits and values 
at every design phase of product development. Detailed explanations of each section are further 
described in the following pages: 
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9.6.1 Cover page 
Figure 9-8 shows the cover page of the workbook. The cover page contains important information 
about the workbook including the title, the name of the author and his affiliations, and the 
university logo. It also contains graphical images related to AM and 3D printing to depict the 
scenario being investigated. 
 
Figure 9-8: The cover page of the V+APP Design Method: Design Workbook 
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9.6.2 Table of Contents 
Figure 9-9 shows the content page of the workbook. The table of contents was organised in the 
order of the sections with their commencing page numbers. The purpose of the table of contents 
was to help readers navigate through the workbook.  
 
Figure 9-9: The table of contents page 
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9.6.3 Preface 
Figure 9-10 shows the preface page of the workbook. This section provides an initial overview of 
the workbook by stating its purpose, aims and scope. This section also provides details about the 
author such as name, email address, author’s school and university, and date of publishing.  
 
Figure 9-10: The preface page 
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9.6.4 Introduction 
Figure 9-11 shows the introduction page of the workbook. This section explains the concept of 
end-user involvement in product personalisation through the use of AM technology. The section 
attempts to engage the readers on how AM could contribute to the value increment of a 
personalised product and how they could benefit end-users through product personalisation. The 
readers are also told about the four types of product value components, which are Functional 
Value, Unique Value, Sensory Value and Personal-expressive Value. The section then further 
introduces the V+APP Design Method by briefly describing how it works. Several images from 
Study 2 are shown to give the reader some idea of personalised AM products.  
 
Figure 9-11: The introduction page 
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9.6.5 AM Technology: Enhancing Product Value 
The purpose of this section is to inform the readers about the significant contribution of AM 
technology in adding higher value to personalised products. The main statement also describes 
the most important types of design attributes that improve product value when end-users 
personalise their product, i.e. aesthetics, uniqueness, promoting self-image, and product 
functionality. This information is presented via infographics, as shown in Figure 9-12. Further, this 
section justifies the need for an added value identification method that enables expert designers 
to take advantages and utilise the unique characteristics of AM to create added value within 
personalisable products.  
 
Figure 9-12: The AM Technology: Enhancing Product Value page 
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9.6.6 V+APP Method: Structural Aspect 
As shown in Figure 9-13, this section informs the readers about the three primary elements that 
construct the V+APP Design Method. The three elements are Generic ID Process, V+APP 
Strategic Area, and V+APP Design Process. Those elements are defined individually and are 
illustrated in the circular chart.  
 
Figure 9-13: The V+APP Design Method: Structural Aspects page 
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9.6.7 V+APP Method: Procedural Aspect 
As shown in Figure 9-14, this section briefly describes the procedural aspect of the V+APP Design 
Method. The details of Generic ID Process, V+APP Strategic Area, and V+APP Design Process 
are presented in the circular chart to demonstrate the iterative nature of the design procedure.  
 
Figure 9-14: The V+APP Design Method: Procedural Aspect page 
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9.6.8 Design Process 
Figure 9-15 shows the design process page of the workbook. This section presents the replication 
of the procedural aspect in the form of horizontal charts to show the sequence of the eight phases 
(Phase 00 to Phase 07) of the design process in the V+APP Design Method. The flow chart also 
presents the objectives and aims of each design phase. The flow chart also shows the integration 
of design challenge at each phase of the design process.  
 
Figure 9-15: The design process of the V+APP Design Method 
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9.6.9 Design Challenge 
Figure 9-16 shows the design challenge page in the workbook. This section provides a brief 
description of the design challenge to the readers. It explains the aims of the design challenge 
and the way it can help the readers to create value-adding personalisation features in 
personalisable products based on the three key elements of the V+APP Design Method.  
 
Figure 9-16: The Design Challenge page 
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9.6.10 V+APP Design Method  
Figure 9-17 shows the V+APP Design Method page. As the main section of the workbook, this 
section presents the contents of the design challenge, which consists of all 37 questions 
presented earlier in this chapter. It corresponds to the eight phases of the design process. To 
assist designers in making decisions, the design questions and guidance are accompanied by 
design notes. Design notes are empty spaces provided in the workbook where designers can 
record their answers or their decisions in the form of notes or idea sketches. For the full content 
of this section, please refer to Appendix 13.  
 
Figure 9-17: The V+APP Design Method page 
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9.6.11 References 
Figure 9-18 shows the reference page in the workbook. This section provides the source of 
references used in the workbook.  
 
Figure 9-18: The reference page 
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9.6.12 Design notes/sketches 
The final section of the workbook, as shown in Figure 9-19, provides pages for the readers to 
record any additional notes to their answers in the V+APP Design Method section. The readers 
are free to use this page to record notes or initial sketch ideas.  
 
Figure 9-19: Design notes/sketching page 
9.7 Validation of the Added Value Identification Tool  
This section presents the validation of the V+APP Design Method, which was achieved by 
exposing the design workbook to experienced designers and asking them to evaluate its usability, 
applicability and effectiveness. This study will be referred to as Study 3. The implementation of 
the proposed method in the form of a design workbook provided the opportunity to evaluate its 
potential impact on a designer’s work when developing a personalisable product design. 
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Validation can be defined as “the process of determining the degree to which a model is an 
accurate representation of the real world from the perspective of the intended uses of the model” 
(Maropoulos and Ceglarek, 2010). Validation of the design workbook would provide proof that the 
underlying design method was effective and would offer designers the support they need. 
The aims of the validation were: 
1) To determine the validity of the proposed V+APP Design Method: Design Workbook from 
industrial designers’ opinions about its impact on professional design practise. 
2) To evaluate the usability, applicability and effectiveness of the design method as a 
supporting tool to aid industrial designers in the development of an AM-enabled 
personalisable product design. 
9.7.1 Method 
The study aims to seek validation of the added value identification method and design aid tool by 
asking professional designers to evaluate three characteristics:  
i. Usability – the ease of use of the tool. 
ii. Applicability – the suitability of the proposed method for the development of high value 
AM-enabled personalised products. 
iii. Effectiveness – the ability of the design aid tool to achieve the objectives of the proposed 
design method. 
The V+APP Design Method: Design Workbook was prepared in two formats – a printed hardcopy 
of the physical workbook and in an electronic PDF file. The printed hardcopy was used for face-
to-face evaluation, while the electronic copy was used for remote evaluation. Participants were 
asked to work through the design workbook by completing it step-by-step. Participants were 
asked to evaluate the method and tool via completion of a set of questionnaires. The data 
obtained were tabulated and a descriptive analysis was performed to draw inferences from the 
sample. 
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9.7.2 Pilot Study 
Achieving the final design of the study was not a straightforward process. There were several 
discussions and design iterations made in the development of the design workbook, which 
covered the aspect of the layout, content and its format. Before the pilot study, it was first decided 
that the Design Handbook would be presented in two separate booklets, namely the Design 
Handbook and Design Workbook. The Design Handbook contained all information relating to the 
V+APP Design Method, except design notes. The Design Workbook contained only the design 
challenge section including design questions and additional spaces for design notes. This 
decision was made mainly to provide more space for the reader to document their design 
decisions in a separate booklet. 
To test the initial design of the study, a participant from the Design School, Loughborough 
University and another from the Institute for Innovation in Sustainable Engineering, University of 
Derby were invited to participate in a pilot study for Study 3. The pilot session was held at the 
Design School.  
The participants highlighted several issues: 
1. The key product value that the tool is targeting was not mentioned even though it was the 
primary point of the study. This confused the readers about the types of value the tool is 
targeting. 
2. The terms used in some phrases were not completely clear, for instance, the meaning of 
‘high value’ stated in the booklets. 
3. The two separate booklets (Design Handbook and Design Workbook) confused the 
readers and thus they made mistakes when reading and writing notes in the two different 
materials. 
4. To complete the session in an hour, as originally envisaged, turned out not to be possible. 
Participants should be given more time to go through the booklets step-by-step so that 
they could complete the assessment and evaluation. 
On the other hand, no changes had to be made to the questionnaire as there were no issues 
related to the content and structure of the questions.  
Based on the feedback from the participants, the initial design of the design study was amended. 
The amendments made were as follows: 
185 
 
1. The four key product values which were addressed in the value taxonomy were included 
in the introduction page of the workbook. 
2. The initial sentences were rephrased to improve the clarity of the text. 
3. The most significant change made to the study was to combine the Design Handbook with 
the Design Workbook. Sections were combined and rearranged, particularly in the design 
challenge section where additional spaces for design notes were added. Therefore, the 
design challenge section had three columns, namely design questions, design guidance 
and design notes. The overall booklet was renamed the V+APP Design Method: Design 
Workbook. 
4. The maximum time for the reader to test the tool was increased to three hours. 
9.7.3 Participants 
In Study 3, participants were selected based on non-probability, purposive sampling. Purposive 
sampling was used to access ‘knowledgeable people’; that is “those who have in-depth 
knowledge and experience in particular issues” (Cohen et al., 2011, p. 157). In this case, the 
author sought professional industrial designers with AM-related expertise and experience in 
designing 3D-printed consumer product designs that were suitable for product personalisation. 
The targeted characteristics of the participants ranged in levels of expertise from novice to 
intermediate and advanced; these characteristics determined their exposure to the skills and 
understanding about AM in designing consumer products for personalisation.  
The participants were recruited from two sources. The first source of participants was from the 
institutions of higher learning within the UK and Europe, consisting of academics and research 
staff involved in the field of industrial design and engineering design whose work was related to 
AM and 3D printing. These participants were mainly from the Design School, Loughborough 
University, UK; the Faculty of Machine Building, Technical University of Cluj-Napoca, Romania; 
and the Institute for Innovation in Sustainable Engineering, University of Derby, UK. The selection 
of these institutions is due to the author’s network with their academic and research staff.  
The second source of participants was expert designers who were the members from 3D printing 
online community hubs. Three online community hubs were selected: Thingiverse, i.materialise, 
and Shapeways. These three online community hubs were useful because thousands of 
designers of 3D-printed products from around the world share their designs online. Categorised 
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as ‘developer’, these designers have contributed various types of consumer product designs to 
the AM community such as design art, fashion products, gadgets, functional components, 
household goods, toys, games, and models. Potential participants were selected based on the 
types of product they produced and their level of expertise. This information was found in their 
portfolio in the hub’s web page. Potential participants were invited to participate via email. 
Through the second source, the invitation drew interest from participants in various countries 
around the world namely New Zealand, the United States, the United Kingdom, Taiwan, the 
Netherlands, Germany and Italy.  
All the experts had at least 1 year of experience with the most experienced having worked in the 
area for 9 years. 
9.7.4 Procedure 
Invitations were sent to potential participants mainly through email. An email template (refer to 
Appendix 14) was devised that explained the purpose of the study, emphasising that it was a 
requirement of the author’s PhD study. The same template was used for all invitations sent to 
potential participants. Invitations were sent to either the participant’s business or personal email 
address. Participants were required to reply to the invitation letter if they showed interest by 
contacting the researcher directly.  
Participants were involved in a session containing two parts of the study: (i) performing the test 
on the V+APP Design Method: Design Workbook, and (ii) assessment and evaluation through a 
set of questionnaires.  
For participants recruited from the first source, appointments were made to arrange the date, time 
and place for the study where a face-to-face test and evaluation was to be held. They were first 
informed about the test they were to participate in. To acknowledge that they understood and 
agreed to the terms and conditions of the study, they had to fill in the Informed Consent Form and 
return it to the researcher. Then they were given a hard copy version of the workbook to work 
through it as if they were trying to make a product they had previously designed into a 
personalisable product. The time allocated to the participants to complete their test was 3 hours, 
although some participants took less than the allotted time to complete the test.  
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For participants recruited from the second source, due to the separate locations of participant and 
researcher, they were given a follow-up email which explained the procedures to carry out the 
test and gave the links to download the soft copy version of the workbook (refer to Appendix 15). 
To acknowledge that they understood and agreed to the terms and conditions of the study, they 
had to fill in the Informed Consent Form and return it to the researcher via email. Acknowledging 
their obligations and busy schedule as full-time designers, they were given a maximum of two 
weeks to carry out the test. However, extended time was given upon request. 
Participants were asked to go through the design workbook and follow the flow of the workbook 
step-by-step. They were encouraged to go through all the design questions in the workbook as if 
they were answering them for a product they had previously designed and were now trying to 
make personalisable. They could use the design guidance provided in the workbook as ‘design 
hints’ as well as their experience and knowledge in designing 3D-printed products to answer the 
design questions. Participants were also asked to use design notes and the additional empty 
pages provided to record any design decisions they made. Therefore, they could document their 
decisions and choices as they progressed. 
Once they had completed the design workbook, the second part of the study was carried out. To 
allow the participants to evaluate the tool, a link directing them to an online questionnaire was 
given. Participants were asked to express their opinion about the usability, applicability and 
effectiveness of the proposed method and tool. Participants usually took around 10 minutes to 
complete the questionnaire. 
9.7.5 Results and Findings 
Overall, a total of 43 potential participants were invited to participate in the study and 17 (39.5%) 
responded positively. However, three of them later decided not to proceed with their participation 
due to changing interest or limited understanding of the English language. The remaining 14 
participants (32.6%) agreed to proceed with the study. Until the closing date, only 11 participants 
had successfully finished (25.6%) while the other three did not complete the study. Prior to the 
analyses, the data were checked for normality and outliers, after which one participant was 
removed from the dataset, leaving a final sample size of 10 (23.3%). The final numbers of 
participants are shown in Table 9-14.  
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Table 9-14: Type and number of participants 
Type of participant Number 
Expert designer 6 
Academic 2 
Research staff 2 
Total 10 
Total % of participation 23.3% 
A set of questionnaires to evaluate the usability, applicability and effectiveness of the V+APP 
Design Method: Design Workbook was prepared. A total of 13 positive statements were posed to 
participants, which were divided into three sections. Table 9-15 shows the list of statements 
corresponding to the measured attributes. 
Table 9-15: The list of statements for the measured characters 
Section/Measurement  List of statements 
Section 1: 
Usability 
1) The textual and graphic information provided in the design 
workbook is easy to understand. 
2) Overall contents provided in the V+APP Design Method was well 
integrated.  
3) I would imagine that most designers would learn to use this 
method very quickly.  
4) The presentation of the Design Workbook is attractive to the user.  
5) The Design Workbook is useful for recording my design outputs. 
Section 2: 
Applicability 
1) I felt confident in applying the V+APP Design Method to my 
selected design task. 
2) The contents provided in the V+APP Design Method is relevant to 
the development of personalisable product designs. 
3) The organisation of information in the V+APP Design Method is 
suitable for practical implementation. 
4) The V+APP Design Method was able to assist me in preparing 
design inputs and interpreting design outputs in a more organised 
way. 
Section 3: 
Effectiveness 
1) The V+APP Design Method has a clear objective that can be easily 
achieved. 
2) The V+APP Design Method was able to help me develop a 
personalisable 3D-printed product design in a more systematic way 
than a generic design process. 
3) The questions in the 'design challenge' were able to assist me in 
identifying potential design features that could enhance the value 
of personalisable AM products. 
4) The V+APP Design Method can assist designers to develop 
specialised design skills by applying AM value and knowledge in 
designing personalisable product designs. 
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To measure the feedback from participants, a closed-ended (CE) five-point Likert scale that 
ranged from Strongly Disagree to Strongly Agree was used (see Table 9-16). To analyse the 
overall goal of the proposed method and tool, a modified System Usability Scale (SUS) (Brooke, 
1996; 2013) was used. Fully completed results of Study 3 are contained in Appendix 16. 
Table 9-16: Five-point Likert scale 
Strongly 
disagree 
Disagree Neutral Agree 
Strongly 
agree 
1 2 3 4 5 
9.7.5.1 Assessing the Usability of the Design Aid Tool 
Section 1 aimed to assess the usability of the design aid tool, where the attributes were measured 
based on five characteristics: (i) whether the textual and graphic information provided was easy 
to understand, (ii) overall contents were well integrated, (iii) the reader could learn to use the tool 
quickly, (iv) attractive presentation to the reader, and (v) it was useful for recording design 
decisions. Participants were asked to indicate their agreement or disagreement on a Likert scale. 
The responses were collated for all five statements and the results are shown in Table 9-17. 
Table 9-17: Participants’ responses on the usability of V+APP Design Method: Design 
Workbook 
Statements 
Strongly 
disagree 
Disagree Neutral Agree 
Strongly 
agree 
S1. The textual and graphic information 
provided in the design workbook is easy to 
understand. 
0 0 3 4 3 
S2. Overall contents provided in the V+APP 
Design Method was well integrated. 
0 0 4 2 4 
S3. I would imagine that most designers would 
learn to use this method very quickly. 
1 0 3 2 4 
S4. The presentation of the Design Workbook 
is attractive to the user.  
0 0 2 4 4 
S5. The Design Workbook is useful for 
recording my design outputs. 
0 2 2 3 3 
Total responses out of 50 (n10 x 5 
questions) 
1 2 14 15 18 
Total responses (%) 2 4 28 30 36 
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Overall, the results in Table 9-17 reveal that the participants mostly agreed with the statements 
given in the questionnaire, with 33 out of 50 responses indicating Agree or Strongly Agree (66%).  
This result shows that most participants regarded the design workbook as both usable and easy 
to use. Based on the results, the statement ‘the presentation of the Design Workbook is attractive 
to the user’ received the highest responses of 8 (Agree and Strongly Agree), closely followed by 
‘the textual and graphic information provided in the design workbook is easy to understand ’ with 
the total number of 7 agreeing. Apart from several neutral responses and 1 strongly disagree, 
most of the participants thought that the overall content of the workbook was well integrated and 
able to be learned very quickly. Most participants also agreed that the workbook is useful for 
recording their outputs, despite some participants indicating disagree and neutral responses.  
These results suggest that the key feature needed to allow the design workbook to be usable is 
that it should provide instant access to information. Furthermore, the presentation of the workbook 
should also be simple, attractive and visually inspiring because the graphic representation of 
process-enabled information is one of the most effective ways to transfer knowledge to industrial 
designers. 
9.7.5.2 Assessing the Applicability of the Design Aid Tool 
Section 2 aimed to assess the applicability of the design aid tool. The attributes assessed were 
(i) whether the user is confident to apply the tool to his or her design task, (ii) the content is 
relevant to the development of personalisable product design, (iii) the organisation of information 
is practical to be implemented, and (iv) the tool can assist the user in preparing design inputs and 
interpreting design outputs in a more organised way. Participants were asked to indicate their 
agreement or disagreement using a Likert. The responses to all four statements were collated 
and presented in the Table 9-18.  
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Table 9-18: Participants’ responses on the applicability of V+APP Design Method: Design 
Workbook 
Statements 
Strongly 
disagree 
Disagree Neutral Agree 
Strongly 
agree 
S1. I felt confident in applying the V+APP 
Design Method to my selected design task. 
0 1 3 3 3 
S2. The contents provided in the V+APP 
Design Method is relevant to the 
personalisable product design. 
0 0 2 2 6 
S3. The organisation of information in the 
V+APP Design Method is suitable for practical 
implementation. 
0 1 3 2 4 
S4. The V+APP Design Method was able to 
assist me in preparing design inputs and 
interpreting design outputs in a more 
organised way. 
0 0 3 3 4 
Total responses out of 40 (n10 x 4 
questions) 
0 2 11 10 17 
Total responses (%) 0 5 27.5 25 42.5 
Table 9-18 shows that most of the participants considered that all the measured attributes are 
important, with 27 out of 40 responses being Agree or Strongly Agree (67.5%). These results 
indicated that the V+APP Design Method: Design Workbook is applicable and suitable for 
practical implementation.  
As seen in Table 9-18, the majority of the participants indicated that they agreed or strongly 
agreed that the content provided in the workbook is relevant to the development of personalisable 
AM products (8 responses). This is followed by the statement ‘the V+APP Design Method: Design 
Workbook was able to assist me in preparing design inputs and interpreting design outputs in a 
more organised way’, which received a total number of 7 responses for agree and strongly agree. 
Despite some participants indicating disagree (1 response) and 3 neutral responses, most 
participants agreed with the statements ‘the organisation of information in the workbook is suitable 
for practical implementation’, as well as ‘I felt confident in applying the V+APP Design Method to 
my selected design task’. Overall, the results suggest that the workbook provides a practical 
approach for applying AM knowledge in the development of personalisable product designs. 
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9.7.5.3 Assessing the Effectiveness of the Design Aid Tool 
Section 3 aimed to assess the effectiveness of the design aid tool, and the attributes were (i) 
whether the objective of the method and tool can be easily achieved, (ii) the tool is able to help 
the user to develop a personalisable product in a more systematic way, (iii) the design challenge 
is able to assist the user in identifying potential design features that could enhance the value of 
personalisable product, and (iv) the tool is able to develop specialised design skills by bringing 
the advantages and uniqueness of AM into creating personalisable product designs. Participants 
were asked to indicate their agreement or disagreement using a Likert scale and Table 9-19 
shows a collation of all the results. 
Table 9-19: Participants’ responses on the effectiveness of V+APP Design Method: Design 
Workbook 
Statements 
Strongly 
disagree 
Disagree Neutral Agree 
Strongly 
agree 
S1. The V+APP Design Method has a clear 
objective that can be easily achieved. 
0 0 3 1 6 
S2. The V+APP Design Method was able to 
help me develop a personalisable 3D-printed 
product design in a more systematic way than 
a generic design process. 
0 1 2 3 4 
S3. The questions in the design challenge 
were able to assist me in identifying potential 
design features that could enhance the value 
of personalisable AM products. 
0 0 2 3 5 
S4. The V+APP Design Method can assist 
designers to develop specialised design skills 
by applying AM value and knowledge in 
designing personalisable product designs. 
0 0 3 3 4 
Total responses out of 40 (n10 x 4 
questions) 
0 1 10 10 19 
Total responses (%) 0 2.5 25 25 47.5 
As can be seen in Table 9-19, most participants gave positive responses to the measured 
attributes. Overall, 72.5% (29 out of 40) of the responses indicated that participants agreed or 
strongly agreed that the design workbook was effective to aid designers developing 
personalisable AM products.  
Based on the table, most participants indicated that the workbook has clear objectives that can 
be easily achieved, which gained 6 responses on Strongly Agree. The statement ‘the questions 
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in the design challenge were able to assist me in identifying potential design features that could 
enhance the value of personalisable AM products’ achieved a high number of positive responses 
(8 Agree or Strongly Agree). Participants also gave positive responses on the statement ‘the 
V+APP Design Method was able to assist designers to develop specialised design skills by 
applying AM value and knowledge in designing personalisable product designs ’, which gained a 
total number of 7 Agree or Strongly Agree. With the exception of 1 Disagree and 2 Neutral 
responses, the majority of the participants felt that the workbook was able to assist designers in 
developing a personalisable 3D-printed product design in a more systematic way, when compared 
to a generic design process.  
These results indicate that the AM design aid tool should be effective in supporting designers 
when adapting the knowledge and benefits of AM into the design process. Such a design aid tool 
should also integrate systematic design hints to stimulate the designer’s cognitive thinking to 
efficiently identify high-value design features in a product. 
9.7.5.4 Measuring Overall Usability 
A modified SUS was implemented, and a singular result was used to manifest the overall usability 
of the proposed design aid tool. In order for the measured qualities to be considered singular, the 
results must be considered homogenous with the overall data being converted into a single item 
(Bangor et al., 2009). Usability can be defined as “the extent to which a product can be used by 
specified users to achieve specified goals” (Speicher, 2015). To calculate the score, the scores 
of each participant were multiplied by 1.5384 and summed to obtain an overall value of SUS score 
out of a maximum of 100, for each participant. The scores for the SUS could range from 0 to 100, 
where higher scores indicated better usability. The SUS scores were then added up to determine 
an overall SUS score (out of 1000). The Likert responses and usability scores from each 
participant are shown in Table 9-20. 
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Table 9-20: SUS scores obtained for each participant 
P
a
rt
ic
ip
a
n
t Likert responses  
Usability Applicability Effectiveness 
SUS 
Score 
S1 S2 S3 S4 S5 S1 S2 S3 S4 S1 S2 S3 S4 
P1 4 3 3 4 2 3 4 3 3 3 4 3 3 64.61 
P2 5 5 5 5 5 4 5 5 5 5 5 5 5 98.46 
P3 5 5 5 5 5 5 5 5 5 5 5 5 5 100.00 
P4 4 5 5 5 4 5 5 5 5 5 4 5 5 95.38 
P5 3 3 3 3 3 3 4 3 4 3 4 4 3 66.15 
P6 4 4 4 4 3 4 3 4 3 4 3 3 4 72.30 
P7 4 3 1 4 5 3 5 3 4 5 3 5 4 75.38 
P8 3 3 4 3 4 4 5 4 4 5 5 4 4 80.00 
P9 3 4 3 4 2 2 3 2 3 3 2 4 3 58.46 
P10 5 5 5 5 4 5 5 5 5 5 5 5 5 98.46 
   Total 809.2 
To determine a single score from the result, the average score was then calculated by dividing 
the total SUS score of 809.2 by the number of participants of 10. This determined the average 
SUS score of 80.92. The details of the results are shown in Table 9-21. 
Table 9-21: SUS score of overall usability 
n 
Total SUS 
Score 
Average 
score 
Min Max SD 
10 809.20 80.92 58.46 100.00 15.92 
To determine whether the average SUS score is acceptable, a grading scale developed by 
Bangor et al. (2008) was used (see Figure 9-20). The grading scale was used to help the author 
to measure and interpret the average SUS scores (Brooke, 2013). The grading scale contains 
three types of scale: Quartile Ranges, Acceptability Ranges, and Adjective Ratings.  
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Figure 9-20: SUS grading scale, adapted from Bangor et al., (2008) 
Based on the SUS grading scale in Figure 9-20, the overall usability result was determined (see 
Table 9-22). 
Table 9-22: Overall usability result 
Scale Result 
Quartile Ranges: 4th 
Acceptability Ranges: Acceptable 
Adjective Ratings: Good-Excellent 
Based on Table 9-22, it can be seen that the overall usability result could be categorised in the 
high grading scale. The result shows that the average SUS score of the supporting tool was 
placed in the 4th quartile in the Quartile Ranges, acceptable in Acceptability Ranges, and 
positioned between Good and Excellent in Adjective Ratings. Based on the result, it can be said 
that the V+APP Design Method: Design Workbook is a usable support tool and is able to aid 
expert designers in preparing AM-enabled personalisable product designs to provide value-
adding personalisation features. 
9.7.5.5 Discussion 
Study 3 attempted to test and validate the added value identification method called the V+APP 
Design Method embodied in the form of a design workbook. The purpose of the validation was to 
seek industrial designers’ feedback about whether the proposed design workbook would have 
sufficient usability, applicability and effectiveness in professional design practise. In the validation 
test, the author invited professional industrial designers with AM-related expertise and experience 
in designing 3D-printed consumer products to validate the V+APP Design Method: Design 
196 
 
Workbook based on their knowledge and experiences designing 3D-printed consumer products. 
Their level of expertise is varied from novice to advanced. Based on the results obtained, it can 
be concluded that the V+APP Design Method: Design Workbook has the potential to support 
expert designers in preparing AM-enabled personalisable product designs that contain value-
adding ‘personalisable features’.  
The feedback and opinions gathered in Study 3 also provided valuable insights into the 
implementation of the design workbook. From a usability aspect, one participant stated that using 
the design workbook was relatively straightforward process that was easy to follow. Another 
useful comment from a different participant was that the methodology used in the workbook is 
similar to the one used in the software development process. In that case, the author feels that 
the framework used in this design method could also be used to facilitate a new research 
opportunity to develop an added value identification method and personalisation design tool that 
focused on the Experiential Value standpoint. However, the participant stated further, it is just a 
short handbook and some use of real cases would help the user to understand more about it. 
One participant stated that the writing used in the workbook was very academic and should not 
have used acronyms, if it was intended to draw designers’ attention to using it. 
From an applicability aspect, one participant pointed out that the design hints and the check lists 
provided in the workbook are very useful and build with confidence that most designers could 
benefit from them. Furthermore, they stated that the structure of the method could be used to test 
a design and to describe the product when completed. There was also one critical feedback from 
another participant stated that the workbook has provided a conceptual framework but does not 
go far enough to be practically applicable due to certain details that might have been overlooked. 
These are (i) personalisable designs where the user opens the model in a CAD and can edits it, 
(ii) systems like Thingiverse Customizer where users have specific inputs which the design 
incorporates, and (iii) consideration on ‘design-for-printability’, so that the resulting model is 
printable for all ranges of consumer inputs. Without this level of detail, the design method is merely 
a conceptual tool that has value but is not fully functional.  
From the effectiveness viewpoint, one participant stated that the questions in the design challenge 
should be revised as ‘suggestions’ or to make them guidelines rather than make the user think 
they needed to answer them. Positive feedback received from one participant was that the design 
questions posed in the design challenge are beneficial to designers as they provide well-focused 
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interrogation questions that significantly assist them in identifying potential value-adding features 
in personalisable AM-enabled products.  
A major limitation found in the study was that the test did not involve in-depth user trials where 
participants could work through the workbook on an actual design project. The test only involved 
short-term evaluation of the support tool where the Design Workbook was presented to expert 
designers and feedback obtained based on their knowledge, expertise, and experience in 
designing consumer products for AM. To implement the support tool in a real design project would 
have been preferable. However, it would be challenging to undertake this due to time, cost, and 
professional commitment constraints of professional designers.  
At present, the support tool would seem to provide a useful framework, but its effectiveness has 
not yet been fully proven. It is recommended that future studies should be performed in a more 
realistic design setting by recruiting participants involved in actual personalised product design 
projects. The design workbook could also be converted into an online web tool. This could reduce 
the printing cost of a paper-based tool, reduce the time taken to distribute, and enable a wider 
and larger population of designers to access it. 
9.8 Summary 
This chapter has described the development and validation process of an added value 
identification method. This chapter firstly presented the development process of a formally added 
value identification method called the Value-added AM-enabled Personalised Product (V+APP) 
Design Method (V+APP Design Method). This was followed by exploration to develop a design 
aid tool for the V+APP Design Method called the V+APP Design Method: Design Workbook. The 
final part of the chapter then presented the implementation and validation of the proposed design 
aid tool. The findings of the implementation have been discussed in a way that is appropriate to 
the context of the chapter. 
Based on the findings, the study has revealed the critical role of a formal added value identification 
method in aiding expert designers in identifying the potential value-adding personalisation 
features in personalisable AM products. It is crucial for designers to adopt AM knowledge in the 
early stage of design process so that they are able to fully exploit the unique characteristics and 
value-adding design characteristics enabled by AM. A well-focused interrogative design question 
posed to designers at every design phase is the most suitable way to stimulate a designer’s 
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creative thinking to identify good solutions for creating high-value personalisable AM products. It 
can be concluded that the design workbook is applicable for practical implementation and is an 
effective instrument that enables value-added personalised AM product information to be 
presented to industrial designers.  
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CHAPTER 10  
CONCLUSIONS AND FUTURE WORK 
10.0 Introduction 
The previous chapter discussed the validation process for the added value identification method 
and the design aid tool. The validation process was conducted to evaluate the usability, 
applicability and effectiveness of the support tool. This chapter provides conclusions to the entire 
research study by addressing the achievement of research objectives and the research questions 
that were identified in the Introduction of this thesis. The original contribution to knowledge and 
limitations of the research are also discussed. Finally, this chapter concludes with some 
recommendations for future consideration by other researchers. 
10.1 Achievement of Research Objectives 
RO 1 - Carry out a literature review to determine the extent of already available knowledge 
and studies around product personalisation, additive manufacturing, and consumer value. 
This objective was met through a comprehensive literature review conducted using research 
databases available through the Loughborough University Library Catalogue Plus online system. 
It was used to identify materials that cover the areas of product personalisation, additive 
manufacturing, and consumer value in product design. Chapter 2 has reported current 
understanding and background about product personalisation including its definition, 
differentiation of product personalisation and mass-customisation, motivation for end-users to 
personalise products, and end-users classification in product personalisation. Chapter 3 provided 
an overview of AM technology and its application. The chapter also discussed the generic process 
of AM technology and the highly important issue of end-users’ adoption of AM technology for 
product personalisation. Chapter 4 has given some background information about consumer 
value from the aspect of personalised product design including the general framework of value 
for product personalisation though AM, the perspective of consumer value, and product benefits 
that end-users derived from the consumption of a personalised consumer product. Published work 
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related to these areas was found to be extensive and covered several different fields of studies. 
Careful material selection was performed to ensure the content of each chapter was closely 
related to the topic of this research study. 
RO 2 - Identify the gaps in current knowledge within this area. 
The investigation into the areas of product personalisation, additive manufacturing and consumer 
value revealed significant gaps in current knowledge. The specific gaps selected for this research 
study were the lack of understanding of how to estimate the value of personalised AM products 
and how expert designers should seek to offer high value AM-enabled personalised products. 
The reason for choosing these topics has been clearly addressed in Chapter 5. 
RO 3 - Design a research methodology to address the gaps in knowledge, including the 
definition of appropriate research questions and identification of suitable research 
methods. 
Based on the research aims, scope and audience set out in Chapter 1, followed by the 
investigation into the areas of product personalisation (Chapter 2), additive manufacturing 
(Chapter 3), and consumer value (Chapter 4), six research questions were identified. As a 
strategy of enquiry, a research framework for design research called the Design Research 
Methodology (DRM), derived from the work of Blessing and Chakrabarti (2009), was adopted for 
this study (as explained in Chapter 5). DRM was chosen as a research framework because the 
primary focus of the framework is to support research for design, and because it provides practical 
and rigorous methods to be implemented in design and product development research. Thus, the 
selection of DRM as the research methodology of this research was justified. Type 3 design 
research was identified as the most suitable approach for this investigation and therefore adopted. 
The deliverables of the research questions were mapped against the research stages based on 
the Type 3 design research framework. 
RO 4 - Undertake primary research activities to address the research questions. 
Some of the research questions were fully or partly addressed through the literature review 
presented in Chapters 2, 3 and 4. The remaining questions were addressed through the author’s 
primary research. Based on the findings from the literature review, a value taxonomy of 
personalised AM products was developed by identifying the definition and characterisation of key 
value components (Chapter 6). The value taxonomy provided a basis to carry out the primary 
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research reported in Chapters 7 and 8. In Chapter 7, a study was performed to assess end-users’ 
value reflections on personalised features, which was measured through their willingness to pay 
(WTP) and their intention to purchase a product with personalised features. In Chapter 8, an 
investigation was performed to evaluate the value of personalised consumer products designed 
by end-users and fabricated using AM. Both studies provided useful outcomes in explaining the 
potential of AM technology in increasing the value of personalised consumer products. 
RO 5 - Present all the research findings in a suitable format (i.e. thesis, research articles, 
design tool, etc.). 
In addition to this thesis, a ‘framework of action’ V+APP Design Method was translated into a 
working design aid tool. A beta-test version of the tool was developed and implemented in the 
form of a paper-based design workbook known as the V+APP Design Method: Design Workbook 
(Chapter 9). The main purpose for presenting the design method in the form of design workbook 
was to allow easier access to information and to provide a practical approach for designers to 
apply the fundamental aspects of the proposed method. A research article on the evaluation of 
the value of personalised AM product was presented at an international conference (7 th 
International Conference on Mass Customisation and Personalisation – Community of Europe 
(MCP-CE) 2016) and then selected by the organisers to be published in an indexed journal 
(International Journal of Industrial Engineering and Management (IJIEM)).  
10.2 Answers to Research Questions 
RQ 1 - What are the factors that motivate end-users to personalise their product? 
Based on the findings presented in the literature, seven primary factors were identified as the key 
motivation for end-users to personalise their products. They were described as follows: 
1. The ability to personalise a product allows end-users to define and express individualism 
because each user can meet their own desires, tastes and preferences. 
2. End-users can gain extra benefits from the improved functionality, usability, aesthetics 
and quality of a product that fits their specific needs.  
3. Personalisation can meet an end-user’s interest and taste by transforming a standard 
product into a personalised one, which can improve their lives in some way. 
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4. Flexible technologies such as AM have created interest that stimulates end-users to use 
technology to increase product effectiveness and support basic psychological needs by 
expressing their emotion and self-involvement in product creation. 
5. Product personalisation allows end-users to determine appropriate product characteristics 
that conform to their hedonistic needs and increase their attachment to the product. 
6. Personalising products through AM technology is a pleasurable activity for end-users 
because they can directly manipulate the product’s 3D form. 
7. The ‘do-it-yourself’ (DIY) movement has encouraged end-users to participate in designing 
their own product using AM design tools and systems, thus allowing them to replicate 
existing items, produce decorative items, develop functional models, create personalised 
objects and repair broken parts. 
RQ 2 - What are the key values that end-users identify when they are involved in product 
personalisation through AM? 
Based on the value taxonomy discussed in the Chapter 6, it was identified that there are two 
major types of key values (which can be further divided into six value components) that end-users 
acquire when they are actively involved in the personalisation process, and when they possess 
and consume personalised AM products. The breakdown of the key values is as follows: 
1. Experiential value - derived from the interaction between the individual and the object in 
the form of 3D modelling during the personalisation process. 
i. Co-design value - acquired from the interaction between the end-user and the 
object during their active involvement in designing a product. 
ii. Hedonic value - acquired from the emotional sensation that reflects the 
entertainment provided by the activity from the end-user's perspective. 
2. Product value - derived from the anticipated consumption experience. 
i. Functional value - acquired from the increment in product utility derived from the 
3D-printed personalised product compared to a standard mass-produced product. 
ii. Personal-expressive value - acquired from the opportunity to reflect the image and 
personality of a person by representing one's self-image in the product. 
iii. Sensory value - acquired from a product's ability to present a sense of emotional 
response, reflection in the form of sensation, sense of beauty, sensory pleasure or 
delight to enhance personal enjoyment. 
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iv. Unique value - acquired from the creation of symbolic attributes that create an 
opportunity for drawing the attention of others, peculiar to the self-expression of 
the individual. 
RQ 3 - What type of design features in a product would potentially add value and to what 
extent end-users are willing to pay more as well as their purchase intention for the 
personalised feature in a product? 
Chapter 6 explored the development of a value taxonomy of personalised AM products by 
identifying and organising characters and features of each type of value components that 
potentially add value to the personalised AM products (refer to Figure 6-8, Chapter 6). Based on 
these characters and features, an empirical study (reported in Chapter 7) was performed through 
a survey to assess end-users’ perceived value for personalised consumer products. The study 
discovered that: 
• End-users’ willingness to pay extra was only seen if the personalised features precisely 
met their specific needs. 
• End-users regarded personalised functional features as the key value aspect of product 
personalisation. 
• End-users show high interest in a product with personalised aesthetic features. 
The study reported in Chapter 8 provided important insights into end-users’ participation in the 
production of high-value personalised product designs facilitated through AM. The study 
discovered that: 
• Through AM-enabled design tools and mechanisms, non-expert users can participate in 
the personalisation of consumer products and obtain the opportunity to influence a 
product’s 3D form. 
• End-users can obtain desirable product aesthetics through the creation of beautiful 
shapes, added patterns, added text, and by applying attractive coloured materials to the 
products to make them distinct from the standard designs.  
• End-users can obtain a higher degree of product uniqueness through the combination of 
arrangement and display of specific design features, i.e. applying patterns, decorations, 
etc. 
• Personalised AM products are able to provide higher end-users’ perceived value in terms 
of: 
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i. User interest in the products. 
ii. Purchase intention for particular types of personalised designs. 
iii. Providing additional benefits to the user in terms of product functionality, 
aesthetics, uniqueness, and self-expression. 
iv. Providing additional design features, e.g. patterns, inter-locked joints, surface 
finishing, and colours. 
RQ 4 - Does value increase as end-users become more involved in personalising their 
products? 
Based on the findings presented in Chapter 8, the study discovered that end-users who had direct 
involvement in the personalisation process attributed higher value to the product they designed 
by themselves. End-users who took opportunity to become involved in product personalisation 
using AM were able to acquire additional values that came from personalisation experience and 
additional product benefits. Results shown in Figure 8-9 (see section 8.10) is an evidence that 
increased participation in personalisation activities using an AM-enabled tool and mechanism 
involves all the value components identified in the taxonomy. Increased involvement in 
personalisation has given end-users a greater appreciation of the types of value they wanted to 
add. Products with personalised features provide a combination of additional design attributes 
compared to the standard design. Hence, end-users gained extra benefits from it and contributes 
to higher product value. This finding indicates that AM can best facilitate product personalisation 
with the assistance of AM-enabled design toolkits.  
RQ 5 - What design questions should be presented to industrial designers to enable the 
effective generation of highly personalised product design value that is suitable for 
fabrication by AM? 
Chapter 9 presented a design strategy to facilitate designers in identifying potential design 
features that could add value to personalisable AM products through the development of the 
V+APP Design Method. The V+APP Design Method was constructed based on three key 
elements: the structural aspect, the procedural aspect, and the design challenge. The V+APP 
Design Method systematically integrates design challenge at every phase of the design process. 
The purpose of design challenge is to stimulate a designer’s cognitive thinking to efficiently 
identify good solutions for creating added value features for the users. This was performed by 
challenging them with a set of open-ended design questions based on the objectives and targets 
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set out in each design phase. The context of the design questions was based on the V+APP 
Strategic Area, focused on several phases: AM technology, adding product value, design 
exploration and refinement of the AM-facilitated personalisable product, technical and 
construction, and end-user participation which all were embodied in the V+APP Design Process. 
The design questions were posed at all eight design phases, i.e. identifying opportunities (Phase 
00), key value components (Phase 01), concept generation (Phase 02), concept refinement 
(Phase 03), concept selection (Phase 04), detail design (Phase 05), prototype testing (Phase 06) 
and design ready (Phase 07). Based on the results from the validation, it was found that the 
design questions were significantly beneficial in assisting designers to identify potential value-
added features in personalisable AM products because they provided well-focused interrogation 
questions.  
RQ 6 - What is the optimal way to present value-added personalised AM product 
information to industrial designers? 
The strategic way to present value-added personalised AM product information to designers is to 
provide methods for them to follow and design aid tools for them to use. The development of 
methods and new supporting tools must also adapt to the advantages and specificities of AM to 
ensure designers can best utilise all the advantages and unique characteristics of AM. For this 
reason, it was decided that this research should explore a new formal added value identification 
method to enable designers to fully exploit the capabilities of AM from the conceptual design stage 
onwards. The method systematically integrates design questions that are posed to designers by 
taking AM into account at every design stage. To support the generation of creative design 
concepts, a design aid tool was developed to support an industrial design process that adapts the 
knowledge, benefits and values of AM into the development of ‘personalisable’ products. Besides 
formalising designers’ cognitive thinking around AM, it helps designers to efficiently identify and 
generate possible design features that could enhance the value of the product when it is 
personalised. 
 10.3 Contribution to Knowledge 
The key original contributions to knowledge of this research can be divided into two categories. 
These are as follows: 
i. Main contributions 
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• A new value taxonomy of personalised AM products was developed by classifying and 
characterising relevant value attributes of personalised AM products. The value taxonomy 
comprises two first-level value types namely product value and experiential value. It is 
further expanded into six second-level value components, i.e. functional value, personal-
expressive value, sensory value, unique value, co-design value and hedonic value. The 
new value taxonomy is useful for providing a common framework to guide future research 
related to the development of high value AM products. 
• A formal added value identification method has been developed to provide a ‘framework 
of action’ to help designers provide high value personalisation features to end-users when 
they purchase and use the personalised AM product. 
 
ii. Supporting contributions 
• In the value taxonomy, the six second-level value components detail the characteristics 
and features that have high potential to add value to personalised AM products.  
• This research has shown that end-users who have direct involvement in the 
personalisation process attribute higher value to the AM product they self-designed, when 
compared to standard mass-produced products. 
• The graphic representation of the design aid tool has been shown as being useful in 
assisting designers in producing AM-enabled personalisable product designs. 
10.4 Limitations of the Research 
It is acknowledged that the research undertaken had several limitations. They are listed below: 
• This research was concentrated only on the most popular consumer product markets that 
were characterised by personalisation and flexible production among individuals, such as 
household goods and jewellery. Whereas, there are also other types of products that could 
be used for test subjects, for example, engineering components such as functional parts 
of automotive systems.  
• The small numbers of respondents in the survey and participants in the experimental study 
are major limitations of this research. A larger sample size for quantitative studies would 
have enabled sophisticated statistical analyses to be performed, which would have 
provided higher confidence in the outcomes. 
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• The experimental study in this research adopted an exploratory One-group Post-test-only 
Design (X 01) approach. This approach suffers from the lack of a pre-test using a control 
group. Thus, it could have led to flaws in the implementation of the methodology and in 
turn, affected the accuracy of the results. It is preferable to employ a more reliable and 
standard approach, for example, the one group pre-test-post-test design. However, it is 
worth noting the limitations of time, technical resources, and cost imposed on this research 
study, together with the difficulties in recruiting expert designers. 
• Due to time, technical and cost constraints, the validation process for the design workbook 
did not involve extended trials where participants could work through the workbook on an 
actual design project. It only involved short-term evaluation and feedback that was based 
on the designers’ knowledge and past experience in designing consumer AM products. 
10.5 Recommendations for Future Work 
Although this research has achieved its aims and objectives, there are several recommendations 
that could be implemented to take the research further. These are outlined below: 
• The principals of the value taxonomy and added value identification method could be 
implemented in areas outside the consumer product market such as in automotive, 
medical and agriculture. 
• Exposure of the design aid tool to amateur designers (e.g. design students) to encourage 
them to develop specialised design skills by bringing the advantages and knowledge of 
AM into the design and development of personalisable consumer product designs. 
• A wider scale experiment related to end-users’ perceived value of consumer product 
designs being personalised and fabricated using AM technology.  
• In depth user trials to work through the workbook by professional designers on an actual 
design project. 
• A development of a new added value identification method and personalisation design 
tool that focuses on the Experiential Value standpoint. 
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Design toolkits and configurators, adapted and adjusted from CyLedge Media (2013) 
 Manufacturer Toolkits Product types Platform 
1 
Nervous 
System 
Cell Cycle Ring, bangle, cuff, sculpture 
Web-based 
Kinematics Necklace 
Kinematics@ 
Home 
Bracelet 
Radiolaria 
Earrings, bracelet, trivet, art 
object 
Dendrite Brooch 
2 Autodesk 
Project 
Shapeshifter 
Vase, bowl, ring, bracelet, plate, 
candlestick, seashell, pendant, 
knot, sculpture, duo vase, 
snake 
Web-based 
123 Design Geometric items 
Hardware-
based 
Tinkercad Geometric items Web-based 
Meshmixer Artistic items 
Hardware-
based 
3 Microsoft 3D Builder Geometric items Windows 10 
4 Elementalweb Ownphones Wireless earbuds/earphone Web-based 
5 Wizegem Wizegem 
Rings, pendants, earrings, 
bracelets, cufflinks 
Web-based 
6 Fabidoo Fabidoo 
Wearable and houseware 
accessories 
Hardware-
based 
7 Makie MakieMaker Toys Web-based 
8 Digital Forming Digital Forming 
Jewellery, homeware, 
accessories, phone case 
Web-based 
9 Shapeways 
Custom Ring Ring 
Web-based Message Napkin 
Ring 
Napkin ring 
10 Ultravirgo Mymo Necklace and keychain 
Hardware-
based 
11 print3Dforme Print 3D For Me 
Key chain, 3D pictures, light 
cover 
Web-based 
12 Dreamforge Cookie Caster Cookie cutter Web-based 
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Value of Product Personalisation on Consumer Product Design Survey 
__________________________________ 
 
SECTION 1: Participant’s information  
 
This part contains biographical questions about you. Please tick the appropriate box. 
 
1. Age:    
 
 
 
2. Highest education reached:  
 
 
 
 
 
 
 
 
 
 
 
 
 
2a. If you selected Other, please specify:  
 
 
 
 
    
3. Your current employment status:  
 
 
 
 
 
3a. If you selected Other, please specify:  
 
 
 
 
 
Self-employed 
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4. Is your work related in designing a consumer product?  
 
 
   
5. What best describes the type of organisation you work for: 
 
 
 
5a. If you selected Other, please specify: 
  
 
 
 
______________________________________________________________________ 
 
SECTION 2: Assessing end-user's value reflection on personalised function features 
 
Below are examples of standard mass-produced designs and personalised designs of a fixie bike (city 
bicycle). 
When you read the paired statements below, try to think about the product’s ability to meet the performance 
that you require from this product. Please read these paired statements. 
  
Design research/thinking, construction, charity, housework, unemployed (3), hotel 
(2), food and beverage, interior design and architecture 
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Standard – Fixie Bike Personalised – Fixie Bike 
 
 
Standard product characteristics Personalised  product characteristics 
Standard design for general functional performance Personalised design for better functional performance 
No specific functional requirement tailored to users 
Optimise design to user’s body measurement and size, 
comfort, safety, and ergonomics to improve accuracy and 
effectiveness 
User’s chosen model based on options available Bespoke bike design tailored to end-user’s need 
Standard paint and finishes Bespoke paint work finishes increasing aesthetic appeal 
 
 
Please answer the questions below by ticking one box appropriate to your opinion.  
 
6. An average price for a standard fixie bike today is estimated at £300 per unit. If you were to buy 
one, how much extra would you pay for specific personalisation features? 
 
Personalisation features/attributes 
No 
extra 
Up to 
£50 
£51 - 
£100 
£101 
- 
£150 
£151 
- 
£200 
£201 
and 
above 
Personalised saddle design for seating comfort 12% 47% 23% 8% 6% 4% 
Bespoke paintwork and finishes on the frame 42% 29% 13% 11% 3% 2% 
Personalised  text printed on the frame and rims 55% 32% 9% 2% 1% 1% 
Tailoring bike size fit to end-user’s body measurements 10% 22% 23% 24% 9% 12% 
Carbon fibre frame for lightweight and competitive riding 20% 11% 23% 22% 8% 16% 
Electronic shifting on gears and brakes components 22% 15% 22% 19% 10% 12% 
Stronger and lighter wheel set 19% 19% 26% 10% 13% 13% 
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6a. Are there any other attributes of the bicycle that you would consider personalising? Please 
give your further consideration below. (Optional) 
      
 
 
 
 
7. Based on your earlier responses, how likely is it that you will buy a personalised product with 
enhances performance in the future? 
 
Very unlikely Somewhat likely Likely More likely Very likely 
9% 20% 38% 17% 16% 
______________________________________________________________________ 
  
LED front and rear lights, high vis highlights on rims. I personally rather drive ;) 
Luggage carrying if it’s a city bike; handlebar design. 
I would like to see a basket, mud guards and lights fitted on the bike I buy rather than 
adding them myself later. 
Bicycles are unusual in that you need to ride one for some time to know what you would 
want too change. But getting custom frame fitting would be worthwhile and goods 
wheels make a big difference. 
Pedals, tyre 
Ergonomic handlebar suitable for my posture. 
The mud guard. i want to be able to buy on the outside extra rack to transport bags or 
any other. 
Folded for storage, integrate with smartphone, motorised wheel, frame shape. 
More fashionable body design. 
Handle bar grip. 
Styling, graphics, color. 
Small compartment to keep small personal items, such as handphone, wallet. 
Light and reflector for safety purpose. 
Use variable ratio instead of fixed gear ratio for the ease of paddling. 
I prefer a standard one without any modification. 
Foldable. 
Safety light for night cycling. 
LED brake light. 
Bike handles for more comfort and better handling. 
Ease of portability, safety features, less impact on environment aspects. 
Alarm system.  
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SECTION 3: Assessing end-user's value reflection on personalised self-expression 
features 
 
Below are examples of standard mass-produced designs and personalised designs of knee high boots. 
When you read the paired statements below, try to think about the product’s ability to communicate the self-
expression that you require from this product. Please read these paired statements. 
 
 
Standard – Knee High Boot Personalised – Knee High Boot 
  
Standard product characteristics Personalised product characteristics 
Common personality 
Personalisation that carries individual meaning to its 
user 
Standard design that shows general image to users 
A product that reflects personality, to fit self-image and 
distinct from others 
Narrow choice of design Showing desire to have an individual choice 
Able to create personal feelings and desire Create stronger personal feelings and desire 
 
 
Please answer the questions below by ticking one box appropriate to your opinion.  
 
8. An average price for a pair of standard knee high boots today is estimated at £100. If you were to 
buy a pair, much extra would you pay for specific personalisation features? 
  
Personalisation features/attributes 
No 
extra 
Up to 
£50 
£51 - 
£100 
£101 
- 
£150 
£151 
- 
£200 
£201 
and 
above 
Thicker outsole to get more robust shape 54% 29% 14% 1% 1% 1% 
Changing the front toe shape to be to more rectangular 
for more muscular  
69% 17% 10% 3% 1% 0% 
Extra padding and tighter opening to get more appealing 
leg shape 
47% 28% 20% 3% 0% 2% 
Changing from typical laces to metal type buckle with 
spike design to give a stronger character 
66% 24% 9% 0% 1% 0% 
Chrome finishing at outsole for additional character 68% 18% 11% 3% 0% 0% 
Adding outer layer tongue to form some kind of 
‘protective’ feeling 
50% 28% 18% 2% 2% 0% 
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8a. Are there any other attributes of the boots that you would consider personalising? Please 
give your further consideration below. (Optional) 
         
 
 
 
 
9. Based on your earlier responses, how likely is it that you will buy a personalised product that could 
represent your personal expression in the future? 
 
Very unlikely Somewhat likely Likely More likely Very likely 
34% 32% 27% 7% 0% 
______________________________________________________________________ 
  
Laces. 
I would spend the money on making my boots waterproof (to an extent) and getting 
more comfort out of them in the form of customer paddings inside. 
Changing colour of laces. 
Different colours for different components. 
I will just make it more comfortable if that is possible. 
Integrated with smartphone, additional lighting, interchangable component for 
everyday looks, color. 
Personalised color. 
Shoe base is tailored to the actual feet shape. 
Use button rather than shoelaces. 
Inner sole that support the arch of the feet and provides extra cushioning and comfort. 
Aspects of comfortability and ergonomics should be emphasis and enhanced rather 
than its appearance. 
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SECTION 4: Assessing end-user's value reflection on personalised aesthetic features 
 
Below are examples of standard mass-produced designs and personalised designs of a table lamp. When 
you read the paired statements below, try to think about the product’s ability to reflect the sense of beauty 
that you require from this product. Please read these paired statements. 
 
Standard – Table Lamp Personalised – Table Lamp 
  
Standard product characteristics Standard product characteristics 
Simple shade design 
Bespoke shape with high complexity and novel design tailored 
to individual taste 
Shade fabricated from steel and fabric Fabricated using high quality polymer 
Typical, simple and traditional features Personalised to create thematic element 
 
 
Please answer the questions below by ticking one box appropriate to your opinion.  
 
10. An average price for a standard table lamp today is estimated at £70. If you were to buy one, how 
much extra would you pay for specific personalisation features? 
 
Personalisation features/attributes 
No 
extra 
Up to 
£20 
£21 - 
£40 
£41 - 
£60 
£61 - 
£80 
£81 
and 
above 
Fabricated from fine and very pleasant look material 18% 31% 26% 15% 6% 4% 
Able to choose attractive and beautiful colours 14% 37% 25% 14% 8% 2% 
Personalised shade design with creative and delightful 
shape 
13% 32% 24% 15% 12% 4% 
End-users determine their own shade size 19% 32% 16% 22% 6% 5% 
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10a.  Are there any other attributes of the table lamp that you would consider 
personalising? Please give your  further consideration below. (Optional) 
         
 
 
 
  
11. Based on your earlier responses, how likely is it that you will buy a personalised product that could 
reflects the sense of beauty in the future? 
 
Very unlikely Somewhat likely Likely More likely Very likely 
5% 17% 47% 26% 5% 
______________________________________________________________________ 
 
  
For my personal lamp I would get the parts and do it myself. 
The bulb fitting, length of cord, type and position of switch. 
How it is switched on. 
Type of lighting, i.e. LED 
Electronic control switch. 
Integrated with smartphone, color to room, switch design. 
Advance technology such as remote control/motion sensor. 
Function and styling must be part of personalising design. 
Incorporate with dirrefent colour of light bulb, so that the light could change and suit 
with people's mood. 
Extra features such as embedded alarm clock and able to emit fragrant smell. 
Flexibily design....the flexible part of the lamp that can adjust the angle and height. 
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SECTION 5: Assessing end-user's value reflection on personalised unique features 
 
Below are examples of standard mass-produced designs and personalised designs of a family transporter. 
When you read the paired statements below, try to think about the product’s ability to reflect the uniqueness 
that you require from this product. Please read these paired statements. 
 
Standard – Family Transporter Personalised – Family Transporter 
  
Standard product characteristics Personalised product characteristics 
Modern design language with standard colours without 
decoration 
Recreated old model with new colours and creative decoration 
Standard mass-production colours Characterised graphics to express individualism 
Standard mass-production body kit and accessories Extra accessories to enhance character 
Standard design for general purposes Personalised design to be distinct from others 
 
 
Please answer the questions below by ticking one box appropriate to your opinion.  
 
12. An average price for a standard family transporter today is estimated at £15,000. If you were to buy 
one, how much extra would you pay for specific personalisation features? 
 
Personalisation features/attributes 
No 
extra 
Up to 
£500 
£501 
- 
£1000 
£1001 
- 
£1500 
£1501 
- 
£2000 
£2001 
and 
above 
Personalised text on the body 71% 18% 5% 6% 0% 0% 
Bespoke paintwork and finishes on the body 32% 40% 14% 7% 5% 2% 
Personalised graphic design motifs 55% 22% 15% 3% 4% 1% 
Larger and sportier wheel set 27% 25% 27% 10% 9% 2% 
Adjustable wheel suspension system 27% 22% 26% 11% 10% 4% 
Customised roof rack and stairs 37% 29% 17% 10% 6% 1% 
Customised side door step 43% 23% 18% 12% 3% 1% 
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12a. Are there any other attributes of the family transporter that you would consider 
personalising? Please   give your further consideration below. (Optional) 
            
 
 
 
 
13. Based on your earlier responses, how likely is it that you will buy a personalised product that reflects 
uniqueness in the future? 
 
Very unlikely Somewhat likely Likely More likely Very likely 
20% 18% 28% 27% 7% 
______________________________________________________________________ 
 
  
I hate VW camper vans, however I love personalising my car. 
Interior design 
I would just want the van to be well designed in the first place. 
Window 
Integrated with smartphone, personalised exhaust sound, honk, body kit, head lamp, 
sound system, design, engine performance. 
Personalised interior finish. 
Personalising work well to fulfill needs not for pride. 
I prefer the standard design when it comes to buying a car. 
Interior seat personalisation. 
Interior accessories such as rotational seats...convertible seats that can turn into bed, 
slot in tables just like the one in the flight and build in cold box. 
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SECTION 6: Assessing end-user's value reflection on interaction during product 
personalisation process 
 
The pictures below describe the characteristics of an end-user’s participation in a standard design process 
and a personalisation design process. When you read the paired statements, try to think about the 
interaction acquired by you during your participation in personalising a product. Please read these paired 
statements. 
 
Standard design process – Designer responsible for 
designing products 
Personalisation design process – End-users involvement 
in co-designing products 
  
Standard design process characteristics Personalisation design process characteristics 
Designer takes major role in design and creative task 
Creative cooperation between designer and end-users during 
the design process 
End-user input at early design process, the rest depends on 
designer to finish it 
End-users participate in self-design activities to gain 
experience by doing, adapting, making and creating own 
design 
Design based on ‘expert perspective’ based on market 
research 
Increase bonding between end-users and products 
Most time invested by designer More end-user effort invested during personalisation process 
 
 
Please answer the questions below by ticking one box appropriate to your opinion.  
 
14. Which of the following characteristics do you think are most important during end-user interaction 
when they personalise their products? Please indicate your opinion by stating from not important to most 
important. 
  
Interaction attributes 
Not 
important 
Less 
important 
Important 
Very 
important 
Most 
important 
End-user makes creative choice 7% 15% 44% 21% 13% 
End-user alters designs themselves 9% 30% 35% 22% 4% 
Self-designed product for closer fit to individual 
needs 
5% 18% 29% 35% 13% 
End-user actively participate as co-designer 6% 23% 27% 31% 13% 
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15. Would you be willing to participate in a creative cooperation with designers to design your own 
product that is tailored to your individual needs, although it might involve extra effort for you to do it? 
   
Not at all Not really Undecided Somewhat yes Definitely yes 
5% 8% 24% 41% 22% 
 
16. Based on your earlier responses, how likely is it that you will buy a personalised product that 
requires your interaction with the product to tailor it to your individual needs in the future? 
   
Very unlikely Somewhat likely Likely More likely Very likely 
5% 18% 28% 33% 16% 
____________________________________________________________________________________ 
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SECTION 7: Assessing end-user's value reflection on sensation on entertainment during product 
personalisation process 
 
The pictures below describe the characteristics of an end-user’s participation in a standard design process 
and a personalisation design process. When you read the paired statements, try to think about the 
sensation of entertainment acquired by you during your participation in personalising a product. Please 
read these paired statements. 
 
Standard design process – End-users choose design 
based on available options 
Personalisation design process – End-users experience 
to self-design products by doing-it-alone 
  
Standard design process characteristics Personalisation design process characteristics 
End-users choose designs that suit their requirements 
End-users experience the process of creating things by doing-
it-alone 
No creative input from end-users Pleasure and enjoyment from creating things 
End-users choose design based on options given End-users participate in self-design activities 
Example: picking a product off the shelf Example: personalising a design 
 
Please answer the questions below by ticking one box appropriate to your opinion.  
 
17. Which of the following characteristics do you think are important to reflect the sensation of 
entertainment from an end-user’s experience when they personalise their products? Please 
indicate your opinion by stating from not important to most important. 
 
Entertainment attributes 
Not 
important 
Less 
important 
Important 
Very 
important 
Most 
important 
Involved in enjoyable activities 1% 8% 50% 34% 7% 
Fulfil the creative desires by doing things 1% 7% 51% 32% 9% 
The feeling of accomplishment in owning design 2% 5% 42% 29% 22% 
To have a fun experience 1% 7% 38% 38% 16% 
To feel pleasure by doing your own things 1% 4% 40% 41% 14% 
Enjoy making your own decision without 
constraints 
3% 5% 41% 39% 12% 
Having a new experience every time when doing 
things 
3% 10% 43% 28% 16% 
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18. Would you be willing to personalise a product to experience the enjoyment of creating things, 
although it might involve extra effort for you to do it? 
 
Not at all Not really Undecided Somewhat yes Definitely yes 
2% 8% 26% 43% 21% 
 
19. Based on your earlier responses, how likely is it that you will buy a personalised product that 
enables you to enjoy the process of creating things in the future? 
 
Very unlikely Somewhat likely Likely More likely Very likely 
3% 10% 32% 41% 14% 
 
 
SECTION 8: Attitude and behaviour towards product personalisation 
 
20. Do you have any experience of personalising the design of a product before?   
  
 
62%  Yes     38%  No 
 
  
21. Do you feel happy with the standard designs of the consumer products that you currently use? 
  
 
       65%  Yes     35%  No 
 
 
22. Product personalisation enables you to individualise your own product designs; to make them more 
personal, have some individualistic touch that fits to your own unique preferences. Do you agree with this 
statement? (Please tick the number that best describes your opinion.) 
 
Strongly disagree Disagree Neutral Agree Strongly agree 
0% 3% 17% 60% 20% 
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23. Below are numbers of statements about Product Personalisation. For each statement, please 
indicate your agreement or disagreement about Product Personalisation by ticking one box for each 
statement. 
1 - Strongly disagree     2 - Disagree     3 - Neutral     4 - Agree     5 - Strongly agree 
Personalisation will help my product to perform better according to my desire 1% 2% 26% 55% 16% 
Product personalisation will provide product attributes tailored to me 0% 1% 17% 61% 21% 
A personalised product could be used to represent my own image 3% 1% 24% 50% 22% 
Personalisation enables me to express who I am 7% 7% 21% 48% 17% 
I could create a beautiful design through personalisation 3% 11% 36% 38% 12% 
My personalised product would create an emotional attachment with me 2% 5% 32% 45% 16% 
Having a personalised design enables me to stand out from others 3% 8% 24% 47% 18% 
Personalisation enables me to contribute some effort in the design of a product 1% 4% 26% 59% 10% 
Personalisation enables me to specify design features that are best suited to me  0% 1% 11% 59% 29% 
It is fun if I can modify and put some effort into the design of a product 2% 3% 28% 50% 17% 
Product personalisation enables me to fulfil my creative desires 3% 4% 25% 48% 20% 
 
END OF QUESTIONNAIRE 
 
THANK YOU FOR YOUR PARTICIPATION 
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APPENDIX 3 Study 1 - Breakdown of respondents according to age and education levels  
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Breakdown of respondents according to age and education levels  
Age 
Highest education reached 
Total 
(participants) 
Total 
(%) Lower 
Education 
Diploma Degree Masters PhD Other 
18 – 24 0 1 5 1 0 0 7 7% 
25 - 34 1 1 20 32 2 1 57 57% 
35 - 44 1 0 5 10 11 0 27 27% 
45 - 54 0 0 1 1 5 0 7 7% 
55 and above 0 0 1 1 0 0 2 2% 
Total (participants) 2 2 32 45 18 1 100 100% 
Total (%) 2% 2% 32% 45% 18% 1% 100%  
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APPENDIX 4 Study 1 - Respondents’ employment status corresponds to working in 
designing consumer products 
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Respondents’ employment status corresponds to working in designing consumer products 
Respondents’ 
employment status 
Working in designing 
consumer products Total 
(participants) 
Total (%) 
Yes No 
Full time employment 12 43 55 55% 
Part-time employment 2 5 7 7% 
Unemployed 2 5 7 7% 
Retired 0 0 0 0% 
Student 5 25 30 30% 
Other 1 0 1 1% 
Total (participants) 22 78 100 100% 
Total (%) 22% 78% 100%  
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APPENDIX 5 Study 1 - Types of organisation respondents worked in 
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Types of organisation respondents worked in 
Organisation Percentage (%) 
Education 40 
Research and development 17 
Engineering and technical operations 9 
Government 8 
Business and financial operations 1 
Computer and mathematics 1 
Military and policing 1 
Manufacturing and production 7 
Art, entertainment and media 2 
Design and technology 2 
Transport 1 
Other 11 
Total 100 
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Respondents experience of participation in product personalisation 
 
Yes
62%
No
38%
253 
 
APPENDIX 7 The experimental process of Study 2 
 
 
 
 
 
 
 
APPENDIX 7 
The experimental process of Study 2 
  
254 
 
  
255 
 
APPENDIX 8 Participant Information Sheet 
 
 
 
 
 
 
 
APPENDIX 8  
Participant Information Sheet 
 
  
256 
 
 
The Value of Product Personalisation Through the Use of Additive Manufacturing 
Technologies 
 
PARTICIPANT INFORMATION SHEET 
 
The following are the contact details of the researchers involved in the study: 
 
Primary Researcher 
Syahibudil Abdul Kudus, Loughborough Design School, Loughborough University, LE11 3TU, 
Leicestershire, UK.  
Email: s.i.abdulkudus@lboro.ac. uk, Phone: 01509 223592 
 
Supervisor 1 
Dr. Ian Campbell, LDS1.11, Loughborough Design School. 
Email: r.i.campbell@lboro.ac.uk, Phone: 01509 228312 
 
Supervisor 2 
Professor Richard Bibb, LDS 2.16, Loughborough Design School. 
Email: r.j.bibb@lboro.ac.uk, Phone: 01509 228333 
 
What is the purpose of the study? 
Thank you for agreeing to participate in this study. The purpose of this study is to investigate how 
Additive Manufacturing Technologies (AMT) can be used to increase the value of consumer 
product design through Product Personalisation. 
 
Who is doing this research and why? 
The main researcher is Syahibudil Abdul Kudus and carrying out the research as part of his PhD 
studies. The supervisors for this research are Dr. Ian Campbell and Professor Richard Bibb. 
 
Do I qualify for the study? 
You must be over the age of 18 and able to travel to Loughborough Design School, Loughborough 
University to take part in the product personalisation activity. 
 
Once I take part, can I change my mind? 
Yes! After you have read this information and asked any questions you may have we will ask you 
to complete an Informed Consent Form, however if at any time, before, during or after the 
sessions you wish to withdraw from the study please just contact the main investigator. You can 
withdraw at any time, for any reason and you will not be asked to explain your reasons for 
withdrawing. If you require a break during the study, you can do so by informing the researcher. 
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Will I be required to attend any sessions and how long will it take? 
The only session that you will be required to attend is that you have made an appointment for. 
There are two (2) sessions that you need to attend, which will be held in two (2) different days. 
The first session will take approximately about 40 minutes, while the second session will take 
around 20 minutes. In total, the study will take 1 hour. 
 
What will I be asked to do? 
In this study, you will be involved in two different sessions, which will be held in two different days. 
Those sessions are (i) product personalisation activity, and (ii) product assessment. In the first 
session, you will carry out a product personalisation activity by using an easy-to-use 3D modeling 
design software. Once you have finished the activity, you will be asked to assess your product 
personalisation experience. Your personalised design will be taken and analysed, before we print 
it using appropriate 3D printing system. Printing process may take between 10 to 15 working days. 
We will inform you when your 3D printed personalised design is ready. In the second session, we 
will present your 3D printed personalised product that you have created in the earlier session. 
During this time, you will be asked to express your opinion on the value of 3D printed personalised 
product design. 
If you choose to take part in this research, you may be contacted just prior to the activity with 
information relating to the activity. 
 
Are there any risks in participating? 
No. 
 
Will my taking part in this study be kept confidential? 
The completed questionnaires will be held by the main researcher for a maximum of six years 
electronically before being disposed of. All data will be held in secure password protected 
computer and participants will be treated as anonymous, in accordance with the Data Protection 
Act 1998. 
 
Do I receive anything for taking part in the study? 
As a thank you for giving up your time, you will be given a 3D printed product that you have 
personalised during the study for absolutely free of charge. However, you will be charged for extra 
printed design. 
 
What will happen to the results of the study? 
The results will be formed from thorough analysis of the data you give us in this study. Once the 
analysis is completed, we intend to publish our findings in a number of presentations, conferences 
and journals without identifying the participants. 
 
I have some more questions, who should I contact? 
Any questions you have can be answered by the researcher before, during and after the study, 
just feel free to ask. If you have a question once you have left the study, feel free to contact the 
primary researcher by email at any time (using the contact details at the top of this document). I 
will aim to issue a response as  soon as possible but please allow 48 hours for a response during 
busy times. 
 
What if I am not happy with how the research was conducted? 
The University has a policy relating to Research Misconduct and Whistle Blowing which is 
available online at http://www.lboro.ac.uk/admin/commitees/ethical/Whistleblowing(2).htm . 
Please ensure that this link is included on the Participant Information Sheet. 
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APPENDIX 10 Study 2: Experiential Value – Full results 
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End-user’s Value Assessment of 3D Printed Personalised Products 
This survey is being conducted by Syahibudil Abdul Kudus from Loughborough Design School, 
Loughborough University, United Kingdom as part of the PhD research study. 
The purpose of this survey is to investigate the end-user's reflection on the value of 3D printed 
personalised consumer product design. This study will help the researcher to identify how 
Additive Manufacturing/3D Printing technology can be used to increase the value of consumer 
products through personalisation. Participants are required to complete two (2) parts of this 
experiment in two different days. 
In this part, there are two (2) sections in the questionnaire that you need to answer, which 
related to your experience when you personalised the product. 
You are respectfully requested to consider this questionnaire and answer the items as genuinely 
as possible. Your cooperation will be greatly appreciated. 
Please be informed that all identities and responses will be used for statistical purposes only. 
The information you provide in this study will be kept strictly confidential and will not be shared 
with anyone or any organisation and will be protected according to tha Data Protection Act 
1998. If you have any questions regarding this survey, please contact me by emailing 
S.I.Abdulkudus@lboro.ac.uk. For any concern, please contact my supervisors: Dr. Ian Campbell 
at R.I.Campbell@lboro.ac.uk or Professor Dr. Richard Bibb at R.J.Bibb@lboro.ac.uk. 
______________________________________________________________________ 
  
Loughborough Design 
School,Loughborough University, 
Leicestershire, LE11 3TU, UK 
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End-user’s Value Assessment of 3D Printed Personalised Products 
PART 1: Experiential Value 
 
SECTION 1: General Information 
 
This part contains general questions about you. Please tick the appropriate box. 
 
1. Please select your age group:  
 
 
 
2. Is your everyday work related to designing a consumer product?    
 
 
 
3. Do you have any experience of personalising or self-designing the design of a product through the 
use of 3D printing technology before? 
 
 
 
3a. If Yes, what are the types of product you produced with 3D printing? You may choose more 
than one option.  
 
 Spare part to devices  
 Covers for device 
 Artistic items 
 Visual aids 
 Presentation models 
 Used for pattern/in molds 
 For research/educational purposes 
 Direct part production (i.e. custom, direct part production, short run) 
 Household decorations 
 Wearable accessories 
 Figures/collectible items 
 Medical devices 
 Other 
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3a (i). If you selected Other, please specify:  
         
 
 
 
 
 
SECTION 2: Product Personalisation through the use of 3D Printing 
 
This section is based on your experience during your interaction in personalising the design of the 
product. You may need to recall some of the activities that you experienced to answer this 
questions. 
 
4. What are the attributes of the design that you considered personalising during the personalisation 
process? You may select more than one option.  
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4a. If you selected Other, please specify:  
         
 
 
 
 
 
5. What are the attributes that you acquired from your interaction between you and the product during 
your active role in personalising the product? You may select more than one option. 
 
 
 
5a. If you selected Other, please specify:  
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6. What are the attributes that you acquired from the sensation of enjoyment that reflect the 
entertainment aspect from your experience during the personalisation activities? You may select 
more than one option.  
   
 
 
6a. If you selected Other, please specify:  
         
 
 
 
 
 
 
END OF QUESTIONNAIRE 
 
THANK YOU FOR YOUR PARTICIPATION 
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PART 2: Product Value 
 
SECTION 1: Product Personalisation through the use of 3D Printing 
 
This section is based on 3D printed personalised product that you are already acquired. You may 
need to refer to the 3D printed product and the standard product to answer this questions. 
 
1. In regard to the 3D printed product you have personalised, please make a comparison between the 
standard design and the 3D printed personalised designbased on the criteria below. Please rate 
your response in the scale given. 
 
 Standard Design Personalised 3DP Design 
Very  
low 
   Very 
High 
Very  
low 
   Very 
High 
1 2 3 4 5 1 2 3 4 5 
How would you rate your 
interest in these products? 
10%     50% 20% 10% 10% 0% 0% 0% 30% 70% 
How likely would you be to 
purchase these products? 
30% 40% 20% 0% 10% 10% 0% 30% 20% 40% 
Please indicate your 
satisfaction with the overall 
design of these products. 
20% 10% 60% 0% 10% 0% 10% 10% 30% 50% 
How do you rate the perceived 
quality of the design features 
(i.e. finishes/textures, colors, 
shape, motifs, etc.) that makes 
these products superior than 
the other? 
10% 50% 30% 0% 10% 0% 10% 10% 50% 30% 
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SECTION 2: Willingness To Pay for 3D Printed Personalised Products 
 
In regard to the 3D printed product you have personalised, please rate the level of your willingness 
to pay for appropriate features below.  
 
2. In overall, how much would you be prepared to pay for your 3D printed personalised design?  
         
No. 
Item 
Product 
Category 
Price (£) 
Standard 
product 
Personalised 
3DP design 
Participants 
willing to 
pay 
1 
 
Lampshade 
Household 5 110 20 
2 
 
Fruit bowl 
Household 12 82 50 
3 
 
Raspberry Pi case 
Gadget 7 30 35 
4 
 
Vase 1 
Household 10 62 65 
270 
 
5 
 
Vase 2 
Household 10 90 10 
6 
 
Ring 
Jewellery 20 30 60 
7 
 
Bangle 
Jewellery 5 45 85 
8 
 
Refuse sacks holder 
Gadget 4 45 15 
9 
 
Bracelet 
Jewellery 20 44 30 
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10 
 
Cuff bracelet 
Jewellery 24 39 10 
 
3. How much did each of the following attributes, contribute to the added value of your 3D printed 
personalised design? Please rate your response in the scale below. 
 
 I did not 
need 
this 
Very  
little 
   Very 
much 
0 1 2 3 4 5 
Personalisation to enhance product 
functionality/utility (i.e. increase characteristics 
such as ergonomic, easy to use, fulfilling certain 
purposes, etc.). 
2 
100% 
0% 
1 
12.5% 
0% 
3 
37.5% 
4 
50% 
Personalisation to reflect the sense of beauty 
and aesthetics of the product (i.e. attractive 
colors, delightful shape). 
0% 0% 0% 
1 
10% 
1 
10% 
8 
80% 
Personalisation to increase uniqueness of the 
product (i.e. personalised graphic motifs, 
symbolic patterns, etc.). 
0% 0% 0% 0% 
4 
40% 
6 
60% 
Personalisation to illustrate self-image from the 
product (i.e. expression of 
identity/personality/symbolic meaning). 
0% 
1 
10% 
0% 
1 
10% 
2 
20% 
6 
60% 
To have an opportunity to actively participate in 
self-designing own product to satisfy individual 
preferences (i.e. personalisation activities 
including interaction during self-designing the 
product). 
0% 
1 
10% 
0% 
2 
20% 
1 
10% 
6 
60% 
Enjoying the creating process of personalisation 
(i.e. feeling of fun, enjoyment of doing it alone). 
0% 0% 0% 0% 
3 
30% 
7 
70% 
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SECTION 3: Value Drivers for 3D Printed Personalised Products 
 
4. Please indicate your opinion about Product Personalisation that is facilitated by Additive 
Manufacturing/3D Printing technology by ticking one box for each statement. 
  
1 - Strongly disagree     2 - Disagree     3 - Neutral     4 - Agree     5 - Strongly agree 
3D printed product personalisation statement 1 2 3 4 5 
Personalisation through 3D printing will help to increase product usefulness 
according to my desire. 
0% 0% 
40
% 
10
% 
50
% 
Product personalization through 3D printing able to provide product 
attributes/features that tailored to me. 
0% 0% 
10
% 
30
% 
60
% 
A 3D printed personalised design could be used to represent my self-image. 0% 0% 0% 
40
% 
60
% 
Personalisation through 3D printing enables me to express who I am. 0% 0% 
20
% 
60
% 
20
% 
I could create a beautiful 3D printed product design through personalisation. 0% 0% 0% 
60
% 
40
% 
I would create an emotional attachment with my 3D printed personalised design. 0% 0% 0% 
60
% 
40
% 
Having a 3D printed personalised design enables me to stand out from people. 0% 0% 0% 0% 
100
% 
Personalisation through 3D printing enables me to contribute some effort in the 
design of a product. 
0% 0% 
10
% 
10
% 
80
% 
Personalisation through 3D printing enables me to specify design features that 
are best suited to me. 
0% 0% 0% 
20
% 
80
% 
It is fun if I can modify and put some effort into the design of a 3D printed product. 0% 0% 0% 
40
% 
60
% 
Personalisation of the product through 3D printing enables me to fulfil my creative 
desires. 
0% 0% 0% 
40
% 
60
% 
 
 
 
 
END OF QUESTIONNAIRE 
 
THANK YOU FOR YOUR PARTICIPATION 
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APPENDIX 12 Participants Willingness to Pay (WTP) – Full results 
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 Standard Design 3D Printed Personalised Design 
Product type Lampshade 
Category Household goods 
Product image 
 
 
Price £ 5 £ 110 
Material Fabric/metal Nylon powder /metal 
Design features 
Conventional tapered-shape design Polka patterns 
Personalised form and shape 
   
 Standard Design 3D Printed Personalised Design 
Product type Fruit bowl 
Category Household goods 
Product image 
  
Price £ 12 £ 110 
Material Stainless steel Nylon powder 
Design features 
Wired design Hexagonal twisted-wall structures 
Personalised form and shape 
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 Standard Design 3D Printed Personalised Design 
Product type Vase 
Category Household goods 
Product image 
 
 
Price £ 10 £ 62 
Material Ceramic Nylon powder 
Design features 
Stylish-ribbed design Tetragonal wall patterns 
Twisted form 
Open bottom, lip-less 
   
 Standard Design 3D Printed Personalised Design 
Product type Vase 
Category Household goods 
Product image 
 
 
Price £ 10 £ 90 
Material Stainless steel Nylon powder 
Design features 
Wired design Eye shape wall patterns 
Twisted form, Waved form 
Personalised colour 
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 Standard Design 3D Printed Personalised Design 
Product type Ring 
Category Jewellery 
Product image 
  
Price £ 20 £ 30 
Material Silver coated steel Polished nylon powder 
Design features 
Gothic style design Microscopic cellular structures 
Custom size 
Personalised colour 
   
 Standard Design 3D Printed Personalised Design 
Product type Bangle 
Category Jewellery 
Product image 
  
Price £ 5 £ 45 
Material Plastic polished Nylon powder 
Design features 
Wide design Microscopic cellular structures 
Custom size 
Personalised form 
Personalised colour 
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 Standard Design 3D Printed Personalised Design 
Product type Bracelet 
Category Jewellery 
Product image 
  
Price £ 20 £ 44 
Material Rhodium plated silver Polished nylon powder 
Design features 
Classic style curb bracelet Complex, foldable and articulated 
modules 
Custom size 
Personalised colour 
   
 Standard Design 3D Printed Personalised Design 
Product type Bangle 
Category Jewellery 
Product image 
  
Price £ 24 £ 39 
Material Polished gold brass alloy Polished nylon powder 
Design features 
Cut out design Microscopic cellular structures 
Custom size 
Personalised form 
Personalised colour 
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 Standard Design 3D Printed Personalised Design 
Product type Raspberry Pi case 
Category Gadget 
Product image 
  
Price £ 7 £ 30 
Material ABS plastic Polished nylon powder 
Design features 
Iconic ‘Construct’ design Voronoi patterns 
Personalised name 
Personalised colour 
   
 Standard Design 3D Printed Personalised Design 
Product type Refuse Sack holder 
Category Gadget 
Product image 
  
Price £ 4 £ 45 
Material Powder coated steel Nylon powder 
Design features 
Mini design with removable lid Voronoi patterns 
Oval-shape 2-piece cover with hook 
Personalised name 
Personalised colours 
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Dear Xxx, 
My name is Budil Abdul Kudus from Design School, Loughborough University, UK. I am currently 
working on a research study on the Value of Product Personalisation facilitated through the use 
of Additive Manufacturing (AM)/3D printing tools and systems, as part of my PhD study. I found 
your contact details after looking at your profile and portfolio in the 
Thingiverse/Shapeways/i.materialise*. 
I am writing to ask whether you would be willing to take part in a study to evaluate a new design 
method called Value-added AM-enabled Personalised Products Design Method (V+APP Design 
Method). To participate in this study, I am looking for designers with knowledge and expertise in 
designing a 3D-printed consumer product design that enabled for product customisation and 
personalisation.  
The aim of the design method is to enhance the value of personalised AM products acquired by 
end-users when it being personalised and manufactured using AM-enabled tools and systems. 
With this intention, the V+APP Design Method: Design Workbook has been prepared to act as a 
design aid tool aimed to support designers developing a ‘personalisable' product design that 
provides ‘value-adding’ personalisation features to the product. 
Participation in this study is by invitation only. If you are interested in how to make a 3D-printed 
personalised product more valuable to others, I would be happy to offer the free beta-version of 
the Design Workbook for you to try out. What I need in return is to complete a set of short 
questionnaire afterwards. The questionnaire should take around 10 minutes to complete, and all 
results will be anonymised. 
If you are interested in taking part in this study, please feel free to reply to this email and I will 
supply the details of the study. You can also find my contact details below. 
Your participation in this study is greatly appreciated, and I would like to thank you for the 
contribution to my research. 
All the best, 
Kind regards, 
Budil Abdul Kudus 
Postgraduate Research 
LDS1.23 Loughborough Design School 
Loughborough University 
Epinal Way Loughborough 
Leicestershire LE11 3TU, UK. 
Email: s.i.abdulkudus@lboro.ac.uk 
Tel.: +447835263441  
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Dear Xxx, 
Thank you for your interest in taking part in this study. Your willingness to participate is greatly 
appreciated. 
For your information, considering the time and contact we have, this is a paper-based design 
method that I proposed for my research called 'V+APP Design Method – Design Workbook’ (you 
may find more on this when you read further below). The design workbook only has 20 pages, 
containing information that should be very quick and easy for you to get through. 
To proceed with the study, please read and follow the procedures below to enable you to carry 
out this study successfully. 
 
1) Participant Information Sheet. 
Please read this document carefully. It is required to make you informed about the study you are 
participating into, hence to enable you to cooperate in the study. You can find the file to download 
here: https://goo.gl/B35Q6t  
 
2) Informed Consent Form 
After you read the Information Sheet, please fill in your personal information in this form and print 
your name in the signature. This is to acknowledge that you were understood and agreed to terms 
and conditions of the study. Your name will not be mentioned publicly without your permission. 
You need to return the form to the researcher as soon as possible by emailing the file to the 
researcher. You can find the file to download here: https://goo.gl/FRV7Ns  
 
3) V+APP Design Method – Design Workbook. 
The Design Workbook consists of several short chapters, including the brief introduction about 
Additive Manufacturing (AM) and how it's enhancing the product value, the structural and 
procedural aspects of the methodology, and the design process. Please go through the handbook, 
and take a chance to get through the Design Challenge questions posed to you in the handbook. 
The Design Challenge is accompanied with the Design Guidance and the Design Notes. To 
answer the Design Challenge questions, you should use the Design Notes to record the decisions 
you made during the design process; assuming as if you are developing a new personalised 3D-
printed product concept (of course based on your knowledge and past experiences). To enhance 
your experience using the Design Workbook, you may need to print the file out to enable you to 
make records. You can find the file to download here: https://goo.gl/Fjya4y  
 
4) V+APP Design Method Questionnaire. 
Once you have done with the Design Workbook, you need to complete a short questionnaire 
afterwards. The aim of the questionnaire is to assess the usability, applicability and effectiveness 
of the methodology. The questionnaire should take around 10 minutes to complete. You can find 
the link to the questionnaire here: https://lboro.onlinesurveys.ac.uk/vapp-dm2  
 
Understand you have many obligations and busy schedule; I have to set a due date for this study, 
however. Therefore, you can go through the handbook and answer the questionnaire at any time 
convenient by (Day), (Date). But, if you could finish it earlier, that would be better. 
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If you have questions or complaints about the conduct of this study, you should contact me in the 
first instance at the email address below. If you are unsatisfied with the response, you should 
contact my supervisors, Professor Ian Campbell at r.i.campbell@lboro.ac.uk or Professor Richard 
Bibb at r.j.bibb@lboro.ac.uk. 
Do not hesitate to contact me if you have any questions between the times. Thank you for your 
participation. 
 
Thank you. 
 
Best regards, 
 
Budil Abdul Kudus 
Postgraduate Research 
LDS1.23 Loughborough Design School 
Loughborough University 
Epinal Way Loughborough 
Leicestershire LE11 3TU  
UK 
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V+APP Design Methodology Questionnaire 
 
Section 1 : Usability of the design support tool 
 
Please rate your responses to the following questions using the scales on the right. You may provide 
additional information if necessary in the box below the questions. 
 
The textual and graphic information provided in the design handbook is easy to understand.  
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
Overall contents provided in the V+APP Design Methodology were well integrated. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
 I would imagine that most designers would learn to use this methodology very quickly. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
  
 
1.1 
1 
2 
0 
0 
  
3  3 (30%) 
4   4 (40%) 
5  3 (30%)  
 
1.2 
1 
2 
0 
0 
 
3   4 (40%) 
4  2 (20%)  
5   4 (40%) 
 
1.3 
1  1 (10%)    
2 0 
   
3    3 (30%) 
4   2 (20%)   
5     4 (40%) 
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The presentation of the design handbook is attractive to the user. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
The Design Handbook is useful for recording my design outputs. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
Other comments, please specify  
 
 
  
I suggest the design workbook be put into the main handbook. 274564-274556-22982707 
I made a mistake: when writing an answer of phase 2, I read the guidance for 
phase 3. So it may be helpful if the workbook with the guidance on the box (on the top 
of beside the box). 
274564-274556-22982852 
One of my roles is a programmer. The methodology seems similar to the 
methodology of software development process. It's, however, just a short 
handbook and some (real) use cases would help to understand more about it. 
274564-274556-22983307 
A straightforward process that seems to be easy to follow. 274564-274556-22983771 
The writing was very academic and abstract, with tons of acronyms, which don't 
connect well with a designer. 
274564-274556-22984849 
1.4 
1 
2 
0 
0 
  
3  2 (20%) 
4   4 (40%) 
5   4 (40%) 
 
1.5 
1 0   
2  2 (20%) 
3  2 (20%) 
4   3 (30%) 
5   3 (30%) 
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Section 2 : The suitability for the development of high value AM-enabled personalised 
products. 
 
Please rate your responses to the following questions using the scales on the right. You may provide 
additional information if necessary in the box below the questions. 
 
I felt confident in applying the V+APP Design Methodology to my selected design task. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
The contents provided in the V+APP Design Methodology are relevant to the personalisable product 
design. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
The organisation of information in the V+APP Design Methodology is suitable for practical 
implementation. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
2.1 
1 0   
2  1 (10%) 
3   3 (30%) 
4   3 (30%) 
5   3 (30%) 
 
2.2 
1 
2 
0 
0 
  
3  2 (20%) 
4  2 (20%)  
5   6 (60%) 
 
2.3 
1 0   
2  1 (10%) 
3    3 (30%)  
4   2 (20%)   
5     4 (40%) 
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The V+APP Design Methodology was able to assist me in preparing design inputs and 
interpreting design outputs in a more organised way. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
Other comments, please specify  
 
some main parts of design such as added values and costing. etc can be put into 
the workbook as headings. 
274564-274556-22982707 
I gave 4 for my confident because I missed the definition of "value", was not really  
sure. 
274564-274556-22982852 
Designing personalisable products is kind of like software developing. The 
requirements of customers are fluid and sometimes they don't really know 
what their requirements are. I don't know whether understanding software 
development process is helpful for your study. If you're interested in them, use 
keywords such as "Waterfall model", "Iterative and incremental 
development" and "Agile software development" to find more information. 
274564-274556-22983307 
Designing a product is not a waterfall process. It is an iterative process, and it is 
a creative process. I find the hints and check lists very useful, and I'm sure as a 
designer I can benefit from them. The structure can also be used to test a 
design and to describe it when it's done. 
274564-274556-22983771 
I've done dozens of personalizable designs and wasn't sure how your 
methodology would apply to what I've one. Specifically, the methodology 
seemed to provide a conceptual framework, but not go far enough to be 
practically applicable. For example, the next level of detail would include 
issues such as: 
There is a fundamental difference between building personalizable designs 
where the user opens the model in a CAD program and edits it, and systems 
like Thingiverse Customizer where users have specific inputs which the 
design incorporates. There are numerous differences between the two 
design strategies. 
- Design for printability, so that the resulting model is printable for all ranges 
of consumer inputs. 
Without this level of detail, the methodology isn't useful except as a conceptual 
framework, which of course has value, but isn't actionable. 
274564-274556-22984849 
 
 
  
2.4 
1 
2 
0 
0 
  
3  3 (30%) 
4  3 (30%)  
5   4 (40%) 
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Section 3 : The ability to achieve the design objective using the proposed methodology 
 
Please rate your responses to the following questions using the scales on the right. You may provide 
additional information if necessary in the box below the questions. 
 
The V+APP Design Methodology has a clear objective that can be easily expressed. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
The V+APP Design Methodology was able to help me develop a personalisable 3D-printed product 
design in a more systematic way than a generic design process. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
The questions in the 'design challenge' were able to assist me in identifying potential design 
features that could enhance the value of personalisable AM products. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
3.1 
1 
2 
0 
0 
 
3   3 (30%)  
4  1 (10%)   
5    6 (60%) 
 
3.2 
1 0   
2  1 (10%) 
3   2 (20%)   
4    3 (30%)  
5     4 (40%) 
 
3.3 
1 
2 
0 
0 
  
3  2 (20%) 
4   3 (30%)  
5    5 (50%) 
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The V+APP Design Methodology is able to assist designer to develop specialised design skills 
by applying AM value and knowledge into personalisable product design. 
1-Strongly disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly agree. 
 
 
 
 
 
 
 
 
 
 
 
Other comments, please specify  
 
the questions of design challenge should be revised to give suggestions or make 
them to consider guidelines rather than make them think they need to answer 
them immediately. 
274564-274556-22982707 
It maybe because I understand the technology, but dont know how it applied 
for designers who are not familiar with the AM. 
274564-274556-22982852 
In practrice, at the beginning of your desing, in most of the cases you don't 
know where you will end. 
274564-274556-22983771 
Is there more to the methodology than the PDF? 274564-274556-22984849 
well focussed interogative questions IMHO 274564-274556-22993652 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 
1 
2 
0 
0 
  
3  3 (30%) 
4  3 (30%)  
5   4 (40%) 
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Section 4 : General information 
 
Please specify your experience in designing personalisable products to be produced using AM? 
 
 
 
 
 
 
What are the types of product categories you have designed for AM? You may choose more than 
one option. 
 
Is your current AM knowledge adequate to assist you in producing a "personalisable" design for AM 
production? 
 
What are the types of product enhancement are you looking for when you design a personalisable AM 
products? You may choose more than one option. 
 
 
 
 
 
 
Less than a year 0  
1-3 years    5 (50%) 
3-6 years   3 (30%)  
6-9 years  1 (10%)   
9 year and over  1 (10%)   
 
 
 
Spare part to devices    6 (10.9%)  
Artistic items    6 (10.9%) 
Components/parts for technical   5 (9.1%)  
devices     
Household goods or decorations      8 (14.5%) 
Wearable/fashion accessories   5 (9.1%)   
Hobby/collectible items    6 (10.9%)  
Medical devices  1 (1.8%)    
 
 
Yes  
 No  1 (10%) 
Not sure  1 (10%) 
 
8 (80%) 
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At present, how do you update your knowledge and skills required to design personalisable AM 
products? You may choose more than one option. 
 
 
 
 
 
 
 
 
 
 
 
 
315 / 
25 
 
 
 
 
 
 
 
 
 
 
 
 
